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INAUGURAL ADDRESS, 

BT THE PBESIDENT, 

Mr. THOS. DANIELS, M.I.Mech.B., 

DXLIYXBXD 

SATUBDAT, 14th JANUABY, 1893 



In accordance with the usual custom at the commencement 
of our year's operations, I shall this evening make a few remarks 
on such topics as I think may be in harmony with the objects of 
this Association, and upon which it is eminently desirable that 
just thoughts and sound opinions should be formed. With the 
special subject to which allusion will be eventually made, I feel 
that I ought to be more conversant, but I trust that my brief 
references may cause more learned and able persons to think 
about the question, and probably carry it to a successful solution. 

In years past the Association has been addressed by many 
excellent men on nearly all the questions connected with our 
profession. In Civil Engineering we have been led, as it were, 
by a master hand, from the Pyramids of Egypt, past all the 
mighty works that were done in our fathers* days and in the 
old time before them, over the Forth Bridge, and down to the 
construction of the Manchester Ship Canal. 

As regards material, the modem Tubal Cains who have 
travelled through the old and new continents in search of the 
hidden mysteries of nature and science, assure us that the quality 
of our metals is unsurpassed. Therefore, the mechanical 
engineer can be supplied with metals of any requisite strength to 
stand the pressure and motive powers employed, this material, 
in the course of its manufacture, having been subjected to such 
continual tests and analyses as to make it effectual for its 
purposes. 

Again, our machine designs are believed to be the best for the 
manufacture of all textiles, and our modem machine tools for 
working metals are equally effective. 
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The agricultural engineering section have also maintained 
their supremacy against foreign competitors, and in this branch 
of engineering it is worthy of notice that capital and labour have 
always worked in unison. 

In ship-building too, I think it may be fairly assumed that our 
countrymen are worthy competitors, and it may be here men- 
tioned that when the first steamship comes up to Manchester 
the marine engine will be coming home, the present design 
having been developed from the original steam hammer engine 
made by Nasmyth many years ago. The late Mr. B. Wilson 
invented the screw propeller, all particulars of which may 
be seen at Patricroft. Our esteemed past -president, Alderman 
Bailey, has told us that the first iron steamboat was launched 
not far from Salford, so that when the Manchester Ship Canal 
is completed we may be able to build ships of war and arm them 
with Whitworth's guns. 

As regards the mode of mechanical locomotion our appliances 
will probably remain the same until the electric locomotive is 
more developed. At present, however, great speeds can be 
attained by adhesion from the level to an incline of 1 in 12. The 
Back locomotive can be worked to an incline of 1 in 8i, and 
we haul by cable from this incline to the direct vertical. 
Becently, the "Engineer** has endeavoured to impress upon 
us the advisability of imitating the Americans in the design 
of their locomotive, especially in that type forwarded to the 
Colonies, and to those countries where the permanent way is 
not really permanent but constructed of light rails and liable to 
vary. Under these circumstances, locomotives are required to be 
very flexible in order to adapt themselves to the road. Flexibility 
and adaptability, we are informed, are possessed by the American 
engines, which is not the case with English engines, the latter 
being too stiff and complicated, and consequently England is 
losing orders in that particular manufacture. If this be true, 
it is a serious business, as our locomotive manufacturers are de- 
pendent upon foreign and colonial trade, and require orders plac- 
ing upon the market for at least 1,000 engines per annum to 
keep contract shops working full time. In reference to this 
subject, mention may be made that not long since some of these 
wonderful American engines were sent to one of our Colonies. 
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Thejy howeyer, gave considerable troublei not being soffioienily 
flexible and in adapting themselves to the road some of the axles 
broke. These, it was then discovered, were made of a special 
American mixture called '*Mack Scrap." A much more agree- 
able resnlt accraed firom some engines sent to the same district 
from Manchester, as, being made of the best material and with 
the best workmanship, they have given every satisfaction. 

At the present time England is being met at all points except 
in India, with American, Belgian, and German competitors, and 
this competition is rendered all the more severe owing to the 
great difference in the number of hours worked and less wages 
paid. It is a mystery to me, however, why these well educated 
continental artizans should have to work longer hours, and for 
considerably less wages, in order to compete with the uneducated 
British workman. It is, undoubtedly, a question for future con- 
sideration, but it appears to me that our prominent labour leaders 
should try and get the continental artizans' working hours to 
be on a par with those in England before we reduce our present 
working time. Education upon the continental artizan has a 
contrary effect to what it has upon the British workman, as, 
with the latter, the more he is educated and the less number of 
working hours he has, the more wages he requires. This brings 
my remarks to this special subject on which I wish to speak, viz : 

CAPrrAL AND LABOUR Of RELATION TO ENGINEERING, 

Often, in time past, gentlemen who have honoured us with 
their presence at our anniversary dinner, have impressed upon 
the Association the very important place which foremen and 
managers hold between capital and labour ; that on their tact, 
judgment, and good temper is dependent the good feeling which 
should exist between employer and workman. And no doubt 
many a foreman or manager in this Association could speak 
from experience as to the difficulty at times of holding an 
amicable position between the two forces. Managers and fore- 
men, therefore, having credit for this tact and judgment, ought, 
in my opinion, to be of great service at the present time ; but, 
somehow, there are those who fancy that they are better 
acquainted with capital anl labour, and can form a bette 
opinion of any dispute, thau those immediately concerned. 
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Mr. W. Mather and Mr. Jos. Ohamberlain have written their 
plans and opinions, and, of course, on labour questions they are 
well known authorities. Similarly, a few of the principal labour 
leaders have indicated their opinions and schemes, some of whom 
rely upon their own efforts to obtain what they want, whilst 
others are asking for Parliamentary legislation to attain the 
desired end. 

After having unassisted done such good work in the past, 
might 1 ask why should workmen and combinations lose con- 
fidence in themselves for the future if there is reason and fairness 
in their demands ? To my mind, if capital and labour must be 
handicapped with Acts of Parliament at every turn, the best 
plan would be for the Government to take over the whole 
business and carry on the trade of the country I Now, gentle- 
men, in considering the various questions appertaining to capital 
and labour, the subject requires to be separated into sections, as 
it is far too vast and intricate to be taken as a whole. Again, 
to make it even more simple, it is better to take a district, or 
perhaps a city like our own, and compare it with — say Leeds 
and Glasgow. I am convinced that just as trade moves from 
city to city and from district to district, due to favourable or 
unfavourable conditions, so from the same causes it is forced 
from our own to foreign countries. 

When we can grasp to the full extent the enormous value 
which capital and labour represent, arrayed like two mighty 
armies ready for battle, it seems almost impossible to find the 
leaven which shall so leaven these two immense interests that 
they will work smoothly and profitably together. I readily 
admit that, even when the best has been done strikes will occur, 
though undoubtedly a great many might be avoided. Some 
portion of the community are under the impression that co- 
operation is the leaven. Go- operation undoubtedly must prosper 
with able management, as the members simply deal with them- 
selves, and as long as the co-operators manufacture and sell 
what the members eat, drink, and wear, all may be satisfactory. 
If, however, the co-operators took orders in the open market for 
boilers, locomotives, or machines, the result might be very, 
different. 
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Then again, not a few people are of opinion that profit sharing 
will solve the problem, bat I think labour will look with some 
suspicion upon this method. The fiftot is, men will hardly 
believe that capital will allow them to know all the profit 
which is made. Some may be inclined to think that the 
employer will take the lion's share first, and afterwards divide 
the remainder. Suppose there is a loss on the year's working, 
would the men care to have their wages reduced to make up the 
deficiency ? I think not. It is exceedingly di£Scult to make a 
workman understand that you occasionally take work at a loss, 
or lose money on a particular work. They don't like to assert 
that you are romancing, but they receive your intimation with a 
smile of unbelief. To meet the wages difficulty, a better plan, 
in my opinion, would be to give workmen and officials a bonus 
of so much per cent, on the work turned out, without any 
reference to the question of profit or loss. 

A circumstance may be here mentioned which might lead us to 
some conclusion as to the kind of leaven which will work the 
best. Not long since there was a trade dispute on the North- 
East -Coast, the men who struck being the members of a Society 
which had several thousand pounds invested in the concern. 
That strike quickly terminated, because the leaven of self-interest 
had been at work and rapidly bridged over the difficulty. 

Now, if it could be arranged that workmen might have shares 
allotted to them suitable to their means, this leaven of self- 
interest, as small capitalists, would work to prevent strikes, and 
even if one occurred it would not be prolonged to any extent. 

If railway companies, for instance, would issue £10 shares to 
their employes, under certain conditions, the best of the men 
who save money would take them. These quiet and steady men 
would keep the discontented in order, and only when a real 
grievance occurred would they move or agitate in the matter. 
They would hold the shares, receive the interest like other 
shareholders, and be satisfied. Collieries and ironworks could 
give the same opportunities for investment by their best men. 

Many manufacturers now give their officials an interest in the 
concern, and this tends to the advantage of the capitalist. Why 
not extend the privilege to the leading workers, and then men, 
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officials, and employers would all pull together for the oommon 
good, and the best results would be obtained. 

It is all very well for speakers and writers to strive for the 
ideal, but, gentlemen, we have the real to contend with. . Men 
have to be taken as they are, and not as they ought to be. 
There is the capitalist who firmly believes he is right in resisting 
any alteration of hours or wages, not because he wishes to grind 
his men down, but on account of the keen comf^etition with 
which he is assailed. Again, a second employer would willingly 
grant concessions providing all employers paid the same rate of 
wages ; and a third employer may have a speciality of work, 
and be able to give whatever his workpeople may ask for. On 
the opposite — the labour side— there are the leaders, who are 
ever on the alert, and who, when trade is good, quickly move 
for an advance of wages or less hours of working. And there 
are others who want similar concessions whether trade is good, 
bad, or indifferent. 

Now the question occurs. In what manner and by what means 
can these antagonistic views be brought together for the good of 
the whole ? My reply is, only by Boards of Conciliation, or 
District Trades Councils, composed of men representing capital 
and labour. In this respect there seems now to be a grand 
opportunity for one of our capitalists and employers to establish 
such a Board in the Manchester District, and thereby set an 
example to other districts --to get all the capitalists to unite 
together and select their representatives. Labour is already 
united, and could soon have their men ready. With the eight 
hours day looming in the distance, what an opportunity for Mr. 
W. Mather, M.P., one of our oldest honorary members, who 
is such a great authority, and who has drawn up rules and 
regulations for such a Board of Conciliation, or Trades Council. 

And now, to revert especially to our own city, I must confess 
that I am under the impression that during the past 20 years 
Manchester has not made the same progress as— say Leeds or 
Glasgow. In the locomotive trade, for example, the last return 
issued Sept. 1892, indicates that the number of men employed 
in the Glasgow workshops is 6,511, while the number at present 
in Manchester is only 1,500. Why has this city, which 20 years 
since held the premier place in locomotive building, been relegated 



FBI8D>EMT'B INAUOUSAL ADDBB88* 7 

to such a position ? One can hardly believe it, beoanse, as fiur as my 
memory serves me, no disputes or strikes have occurred to cause 
such a great difference. Practically, everything in that depart* 
ment of engineering has gone on smoothly. Certainly, there 
was the boiler makers' strike in 1878, but that did not apparently 
afifect the local boiler makers. Fortunately, however, at the 
present time, consequent upon the boiler makers' wages being 
more unifonn, Lancashire makers can hold their own with the 
Scotchmen in that department. 

Anyhow, the fact remains that locomotive building has prao* 
ticaUy drifted away from this city, and stands as before mentioned, 
at the present day. In support of these remarks, the following 
quotation from ^* Engineering," December 80, 1892, may not 
be inappropriate : — 

** The markets for locomotives during the year have been and 
are inactive, and those open to public competition have been 
practically only two, viz.. Home and India. South Africa has 
also been gratifyingly prominent, but the field there is too 
restricted to afiect the production to any appreciable extent. 
During the year South America has been a sealed book, and it 
is only by its being re- opened that an impetus may be looked 
for in our locomotive industry. The home 'market has been 
fairly active, and it is this fact that has saved the trade from 
collapse. India has bulked rather more largely than the home 
market, and still the State railways requirements are remarkable 
by their absence. 

<< During the year just closing about 400 engines have been 
given out in public tender, while the principal firms have a 
producing capacity of 1000 engines per annum. Of the 400 
engines mentioned fully 85 per cent, have been secured by the 
Glasgow firms. Evidence has again been frequently given this 
year that the continental competition is an element that cannot 
be met by our home manufacturers. The fact must be recognised 
that the continental makers can manufacture more cheaply than 
ours, but whether the quality is as high-class is a matter of 
opinion." 

In the tool trade, notwithstanding the ingenuity and good 
workmanship displayed by our machine tool makers, a consider- 
able amount of work that 20 years ago came to Manchester has 
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found its way into Yorkshire. Locomotives, machine tools, and 
general engineering may be considered open work. They have 
no special patent or other advantage. They have been competed 
for in the open and gone to the cheapest market. What, there- 
fore, has saved Manchester, and kept it in the not unenviable 
position which she even now occupies ? The answer, to my 
mind, is found in the inventions of Whitworth, of the manufac- 
tures of Messrs. Gresham and Graven, of the gas engine by 
Messrs. Grossley Bros., and of the specialities of Messrs. Mather 
k Piatt, the total number of men employed by these firms being, 
on an average, about 4,000. 

The following figures have been obtained from the four prin- 
cipal trade unions in our line and they will confirm what I have 
said — as the Steam Engine Makers in 1871 had no members in 
Glasgow, whereas, in 1891 th^y have 85. 
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1891.— Hands employed in the Loco Trade. 
Leeds .. 1999 .. Manchester .. 2171 .. Glasgow 6089 

Now to enable us to divide or separate the producers from the 
non-producers I will read an extract from the Board of Trade 
Eetums for 1891, giving the Exports : — 
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Extraot of Eiporti from Botftf of Trailo Rotwiii, for IM. 



ANIMALS (Uvlng). 
Hones .. .. 671,812 

ARTICLES OF FOOD AND DRINK. 

Beer, BiBooits, Bread, Cheese, Butter, Fiah, Hope, 
Vinegar, Pickles, Sauces, Ck)nfeotioner7, Pro- 
visions (including Meat), Salt, Spirits, and Sugar 10,699,390 

RAW MATERIALS. 

Coal, Coke, Cinders, Fuel, and Wood . . . . 21,682,224 

TARNS AND TEXTILE FABRICS. 

(Articles Manufactured and Partly Manufactured), 

Cotton yam and twist, Piece goods, Lace, Hosiery, 
Thread, Jute yam. Linen yam, Silk, Woollen 
and Worsted yams, Handkerdbiefs, Scarfs, 
Shawls, Ribbons, Carpets, Blankets, and Cloth.. 106,996,484 

METALS AND ARTICLES. 

Manufactured therefrom {except Machinery.) 

Copper (wrought and unwrought). Mixed or Yellow 
Metals, Hardware and Cutlery, Pig Lron, Bar, 
Angle, Bolt and Bod Iron, Iron and Steel Wire, 
Hoops, Sheets, Boiler and Armour plates, Gal- 
yanized sheets. Tin plates and sheets, Cast and 
W. Iron, Steel (unwrought), Lead, Pig, Sheet, 
Piping, and Manufactures, Unwrought Tin, and 
Zinc 89,210,022 

MACHINERT AND MILLWORK. 

Steam Engines and parts thereof and other description 15,817,616 

APPAREL AND ARTICLES OF PERSONAL USE. 

Haberdashery and Millinery, Hats, Boots and Shoes, 

Umbrellas and Parasols, Apparel and Slops . . 11,881,470 

CHEMICALS. 
Alkali, Bleaching Materials, Manure (Chemical), 
Medidnes, comprising Drugs and Medicinal 
preparation 8,877,712 

All other Articles either Manufactured or 
partly Manufactured. 
Fire arms (small) Gunpowder and all other kinds. 
Bags and Sacks for packing Merchandise, Books, 
Candles, Caoutchouc, Railway Carriages for 
Passengers and parts thereof, Bailway Trucks, 
Waggons, &o., and parts thereof, Cement, Products 
of Coal (including Naptha, Paraffine, Paraffine oil 
and Petroleum), Cordage, Earthen and Chinaware, 
Bed pottery and Brown stoneware. Furniture, 
Glass, Leatiier (wrought and unwrought), Oil, Oil 
and Floorcloths, Painters Colours and Material, 
Paper, Bags, Saddlery and Harness, Skins and 
Furs, Soap, Stationery (other £han paper) . . 32,203,658 

PARCELS POST 1,095,468 

Total . . £247,236,160 
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From the foregoing partionlars, I consider all those employed 
and the oapital involved in those manufaotures for export are 
the real producers, and these Are the people who are most 
entitled to express an opinion on the question of wages and 
hours of labour, and whose interests are prinoipallj at stake. 
So that all railway employes are non-produoers, and those 
employed in the shipbuilding trades, except on foreign orders — 
and they are not very large — are non-producers. On the Clyde, 
last year, 21 per cent, of the ships built were for abroad ; on the 
North-East Coast 15 per cent., the average all round probably 
being about 20 per cent. Vessels of 'War for our own Navy 
protect the produce of the country, still the builders of them 
can only be classed as non-producers ; so that, when you are 
able to separate the bees from the drones, it is wonderful how 
few producers there are, and what a large proportion of hands 
are required to assist them — ^the producers. Jeans, in his book 
on " England's Supremacy," gives 18,000,000 manual workers ; 
of this quantity there will be about 5,000,000 producers out of 
a population of about 89,000,000. 

For the year 1892 an extract is given below, taken from an 
article in the *' Manchester Guardian," on the Iron and Steel 
Industries. The writer says : — 

'' If the exports of metals and manufactures therefrom, and of 
machinery, including millwork and engines of all kinds, are 
taken into account, it appears that the falling off during the 
last eleven months amounts to not less than £7,052,706. In 
1891 the exports of these commodities aniounted during the 
eleven months to £127,500,000. This year they have reached 
little more than £120,000,000. Not much change has occurred 
during the year in the prices of iron and steel, although the 
tendency has been rather downward. It must be observed, 
however, that in all markets, particularly those of Sheffield and 
the North of England, the force of competition has driven down 
prices to so low a level that producers, particularly those who 
are engaged in making iron and steel for railways, are accepting 
orders at or even considerably below the cost of production. 
There is no doubt a severe competition between English producers 
of railway iron and steel and those engaged in the same industry 
in Belgium and Germany. German producers are to some 
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extent shut out of foreign markets, beoanse they have long 
maintained by combination artificially high prices at home. It 
is evident, however, from the foreign trade returns now before 
us that English manufacturers of iron and steel have to meet in 
neutral markets a competition from abroad which is both severe 
and strong ; and if the forthcoming returns of the Board of 
Trade should show an increasing diminution of exports, they 
will afford much reason for consideration of the question why 
the exports of these commodities are continually falling off. 
English manufacturers of iron and steel say that coal is too 
dear, and possibly there may be some force in this opinion. 
Amongst the influences which have tended to lessen the demand 
for iron and steel must be reckoned that of the falling off in the 
orders for new ships. The shipbuilding yards in Scotland have 
been of late very scantily employed, and although those in the 
North and West of England, as well as in Ireland, are still fedrly 
well engaged upon orders previously received, there is at the 
moment a distinct dearth of new engagements in all directions. 
This is an important consideration from a national point of view. 
The shipbuilding industry of this country is an exceedingly im- 
portant one from many points of view. It takes off from the iron 
and steel works a very large amount of manufactured or partly 
manufactured material. Its productions are not shown in the 
statistics of trade with foreign countries, and yet they are to a 
very considerable extent sold to foreign buyers. At any rate it 
must be observed that the recently diminishing demand for new 
ships is an additional reason for regarding the home industry as 
rather declining than increasing." 

Commencing with this year the Railway Companies have re- 
vised their rates for the carriage of goods, minerals, etc. Com- 
plaints are already being made of the increased charges, and we 
have now to pay 10 per cent, more for the carriage of locomotives 
and machinery from Manchester to Liverpool, but what can the 
Railway Companies do? They are forced to pay higher wages, 
to put on extra shifts of men, and to work others shorter hours, 
consequently they must have the money to pay for all this out 
of someone. It would not do to raise the fares for passengers 
and so the goods traffic must pay the penalty. Not long ago a 
large concern in Manchester, the capital of which amounted to 
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over a quarter of a million, had occasion to change its locality, 
removing to a seaport, thus inflicting a severe loss upon the 
town. This firm paid in wages about d61,800 per week, and 
their poor and other local rates amounted to over £1,200 per year 
in addition to other taxes. Their turnover amounted to about 
J6200,000, over 5,000 tons of finished work being sent away by 
carrier and railway every year, this necessitating, of course, the 
supply of a large amount of raw material and coal, in order to 
produce the same. Under these circumstances it will be readily 
understood that this removal resulted in a severe loss to the 
Bailway Companies and other non-producers, and it will plainly 
be seen that as trade moves from one district to another so does 
it move from one country to another, eventually settling in the 
cheapest market. To illustrate this contention I may quote 
another incident : — 

Some time ago, a large steel works in Sheffield had a 
branch works a few miles out for making rails, and the 
competition in this commodity being so severe, the cost 
of carriage to the ship killed the trade. What was done? 
The Directors decided to move the rail making plant nearer to 
the ship in order to reduce the cost of carriage. This they did, 
with the result that the railmakers and steelworkers followed 
the plant, and the non-producers were left behind. The railway 
employes might complain of long hours, but their occupation 
was almost all gone, there being no rails to be carried and but few 
passengers. The building and other dependent or non-producing 
trades might agitate for shorter hours and more wages in vain, 
for their houses became empty ; the bees that made the honey 
having gone leaving only the drones behind. Even the police- 
man was ''out of a job" there being no rough and ready steel- 
worker to require his attention, and the publican found to his 
cost that no other trade could ''take their beer" like the steel- 
worker. 

To revert to our own branch of the engineering trade, it will 
be found that in 1891 we exported engines, machinery, and mill 
work to the amount of £15,817,515, this amount being much 
decreased for the year 1892. At the present moment, we have . 
to contend with severe competition, and are unable to make the 
work pay at the present rate of wages for 53 hours per week. 
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This being the case what will be the result if our swaggering 
labour leaders so mix up politics and labour as to get an act 
passed to limit a day's work to 8 hours ? In my opinion it will 
result in the loss of the greater part of our trade, works will 
have to be closed, and capital will move to those localities 
where it can be more profitably invested. 

Mr. W. Mather, M.P., in the '* Contemporary Review," on 
*' Labour and the hours of labour,'* sums up this question in 
the following paragraph and subsequent 12 clauses : — 

" In order to promote a wise and trusty exercise of this power, 
it is essential that reliable sources of information on the trade 
and commerce of all nations should be at the disposal of 
employers and workers alike. There should be established a 
Labour or Industrial Department of the Board of Trade, manned 
with an ample staff of well-qualified officials, to collect and 
distribute information, rapidly and in the most intelligible form, 
upon all questions affecting the conditions of labour in every 
variety of occupation or trade at home and abroad. Such 
information may be obtained with sufficient accuracy to place 
before organised bodies of labour in the country, as well as 
before employers and the public generally, the main facts and 
considerations which must guide us in our industrial progress. 
In a word, the function of this Labour Department would be to 
supply full information as to how the life of labour is lived, and 
how it may be improved from the point of view of human 
welfare as well as &om that of industrial success." 

1. That Trade Unions have become permanent institutions of 
the country, sanctioned by law, dealing with large funds which 
are the result of thrift and self-denial for the commonweal of 
their members ; that they are continually increasing in numbers 
and influence ; and that their members include the most 
thoughtful, steady, and skilled workers. 

Eemarks. — These are facts beyond question and they are very 
creditable to the Unions. 

2. That the action of Trade Unions in the past, though some- 
times passionate and for a time destructive, has contributed to 
the stability and improvement of labour, by causing large masses 
of men to act with one accord in the interests of their respective 
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trades, thus placing all employers on the same footing as regards 
hours and wages. 

Remarks. — The latter part of this statement is wrong ; they 
have not yet been able to place all employers on the same footing 
as to hours and wages. This is what the Manchester masters 
and men want airanging at the present time. Let the Scotch 
and Yorkshire wages be brought up to our level, then we shaU 
have a fair chance in the competition for work. I have explained 
how the locomotive trade has drifted away from Manchester. 
In tools, recently, a customer wanted a lOin. Sliding and Screw 
Gutting Lathe with all other parts as usually sold, and this could 
not be obtained in Manchester under £84, the same kind of Lathe 
was, however, ultimately purchased in Yorkshire for £56. Why 
should there be this difference if hours and wages are equal 
in the Unions ? 

8. That while large concessions of time and great increase of 
wages have been gained for labour solely by the action of its 
combinations, yet the industries in which these advantages have 
been gained have enormously prospered, judging by the number 
of employers, the amount of capital invested, and the wealth 
realised in property. 

Remarks — This gives labour and labour combinations the 
credit for all the progress that has been made, passing over the 
inventor, the capitalist and the speculator. 

4. That the influence of Trade Unions far exceeds the bounds 
of their membership. For while they do not at present represent 
more than about 40 per cent, of the skilled adult workers in the 
country, they have virtually controlled and improved the rules 
and customs of labour among the unorganised workers, who 
have voluntarily acquiesced in the new regulations established 
by the Unions, sometimes immediately on their establishment, 
and sometimes after a lapse of a year or two. 

5. That time — i.e., the working hours — is the sole possession 
of labour, which it must lay out, as its capital, to the best 
advantage, so as to secure for itself the longest possible period 
of robust life ; and that this can only be done by men combining 
to make rules affecting their working hours, which it is incumbent 
on all of them to observe and enforce, and which must accord 
with their common interests and their common employment — 
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with its peculiarities, dangers, hardships, and diseases, as well 
as with its advantages, and the conditions of its continued 
success and growth. 

Bemarks. — I cannot see that time is the sole possession 
of labour ; I think it is equally as important to the capitalist, 
more in fsMst, for while labour is resting, rents, taxes and other 
costs go on as usual, and in the mechanical trades we ought to 
have good health and live to a good age, working 68 hours per 
week. As we leave work at noon on Saturday and commence 
work again Monday at 9 a.m., we have a rest of 46 hours every 
week-end, besides Bank, Christmas, New- Year, Easter, Whit- 
week holidays, and odd Saints' days. If any further reduction 
of hours takes place and the same quantity of work to be done 
we must increase the pace, and as the old proverb has it. 
''It is the pace that kills." It will have to be considered, 
therefore, if this is not detrimental to robust health. 

Fitters, erectors, smiths, boiler-makers and others not working 
machines can put on an extra spurt, but what about the 
machinery? Machines are now running at the quickest 
possible speeds, the best steel has to be used for tools, and we 
keep them going every moment we can during working hours. 

We have had medical testimony as to the effects on 
health of over-work, but I have not seen any statement as to 
the effects if a man works too little. I have known many hard 
working men who have been knocked-up, then had a good rest 
and quite well again. I have also known men who have 
worked less hours, lost a lot of time, and drifted into lazy ways, 
and could not be cured. The last state of this man was worse 
than the first. 

6. That these combinations should be extended to all trades 
and occupations, as affording the safest means by which improve- 
ments may be made, evils remedied, and wants supplied, through 
the self-reliance, self-help, and determination of bodies of men 
with like needs and like aims. 

7. That to such combinations of men may be safely entrusted 
by Parliament the prerogative of determining, by a majority of 
adult workers, what shaJl constitute a working day in their 
trades or occupations, thus making positive a power which labour 
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organisations have always rightfully assumed, bat which in the 
past they have only been able to exert with great pains and 
difficulties, even when the object sought for and finally attained 
has been to the advantage of employers as well as employed. 

8. That the scheme is comprehensive, and rests on a principle 
applicable to every trade and occupation ; that it is adapted to 
meet the changes which time may bring in our industrial life ; 
and that in passing such an Act as will accomplish this, Parlia- 
ment can fairly meet the growing aspirations of the people 
without assuming control or incurring any responsibility beyond 
that of sanctioning and making legal a procedure which has 
long existed as a custom. 

9. That spasmodic and sudden changes would be impossible, 
as the growth of opinion in any trade must precede the definite 
action of the Unions in that trade. 

10. That a ready remedy for any evil effects that might result 
from mistaken action would be available in the hands of the 
workers, who would necessarily suffer much more acutely and 
quickly from such effects than employers ; and that the respons- 
ibility attaching to the action of the Unions would temper the 
use of their power. 

11. That the gradual diminution of hours in many trades that 
do not admit of a sudden drop to the ideal standard of forty 
eight hours per week, could be immediately commenced without 
dislocation and annoyance. 

Eemarks. — These clauses are very wordy, and might with 
advantage have been condensed into one clause indicating that 
labour should do all themselves instead of it being a joint 
affair for a Trades Council or Board of Conciliation. 

12. That the political power of the working classes would not 
be diverted from its true pui^pose of promoting legislation for 
the good of the whole people. 

Bemarks. — As regards Clause 12, 1 admit that it is somewhat 
difficult to prevent the eight hours question from being mixed up 
with other political schemes, but it is really of such national im- 
port that I think partizanship should in no sense enter into its 
consideration. If, however, it has to be settled by the Legislature, 
all non-producers should vote against Parliamentary interferenoe. 
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because it is most likely to operate to their disadvantage. 
Similarly, producers should give it their opposition because, as 
we have seen by the extracts from trade journals, England is 
already heavily handicapped in the competition for trade. 

In the << Nineteenth Century," Mr. Jos. Ohamberlain, M.P., in 
an article on this subject, sums up his principal suggestions for 
improving matters in the following eight points : — (1) Legislative 
enforcement of proposals for shortening the hours of work for 
miners and others engaged in dangerous and specially laborious 
employments ; (2) local enforcement of trade regulations for the 
earlier closing of shops; (8) establishment of tribunals of 
arbitration in trade disputes; (4) compensation for injuries 
received in the course of employment, and to widows and 
children in case of death, whenever such injuries or death are 
not caused by the fault of the person killed or injured; (6) 
limitation and control of pauper immigration ; (7) increased 
powers and facilities to local authorities to make town improve- 
ments, and prepare for the better housing of the working classes ; 
(8) power to local authorities to advance money and to afford 
facilities to the working classes to become the owners of their 
own dwellings. 

Another politician, however, Mr. John Morley, M.P., is 
strongly opposed to Parliamentary interference with the hours 
of labour, and is, in fact, of opinion that it is better to leave 
well alone. By adopting such an attitude Mr. Morley clearly 
indicates the seriousness of attempting to tinker and experiment 
with the trades upon which the wel&re of the nation depends. 
Becently, the question of working overtime has occupied a good 
deal of attention. Now I have known a good many men who 
are far from averse to overtime, on account of the extra money 
earned, and other reasons. The fact is, it is more money per 
week that is wanted by the men, and if trade is so good as to 
warrant a concession, let it be in higher wages. Thus any 
fortunate trade can afford to give the advance of wages without 
making others less fortunate discontented. When, however, the 
alterations are in hours, most of the trades want the benefits 
whether the state of trade is flourishing or the reverse. 

Certainly, railway and Government establishments may do 
without overtime, but I do not think it can be avoided in contract 
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shops. Customers generally refrain from giving orders until 
work is absolutely wanted, and then it is difficult to keep all 
departments working neck and neck together. In my opinion 
there is more good than harm in it. 

I think it is even better for the trade societies that a rush 
of trade should be worked down by overtime rather than night 
shifts, because as soon as the busy time is over all the night 
men are discharged and a large number thrown out of work ; 
in the case of overtime it is simply stopped and there are still 
the same number of men working. 

In conclusion, gfentlemen, I think I have said enough for the 
present, and feel assured that you will give this subject your 
most careful consideration. From your own experience you will 
be able to decide on a course of action, so that in your dealings 
with Capital and Labour, in relation to our own business, you 
will do all you can to make the two great interests work 
profitably and amicably together. 

VOTE OF THANKS. 

Mr. T. AsHBUBY (past President) said the address which had just 
been delivered by Mr. Daniels, in which special reference was 
made to such an important economic question as capital and 
labour, was so full of interesting matter that they were almost 
tempted to break the rule which had existed for many years of 
not criticising the presidential address, and to discuss the subject. 
Many of them would doubtless have liked to have expressed their 
opinion on some of the points referred to, and he trusted that 
during the present year an opportunity might be afforded to the 
members of thoroughly discussing the question from the different 
aspects suggested by the President. He moved <' That the best 
thanks of the Association be given to the President for his 
thoughtful and able address on the subject of Capit^il and 
Labour in reference to Engineering.'' 

Mr. Alfbed Saxon seconded the motion. 

Mr. Ashbury put the motion to the meeting, and it was 
carried with acclamation. 

The Pbesident acknowledged the compliment, and the pro- 
ceedings concluded. 
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The object of the present paper is to bring under yonr notice 
the mann£Bkotare of Felt Hats, and Hatting Machinery. The 
purpose which I have in view is that of explaining the method 
of the manufacture of each branch of my subject. The subject 
itself is one which has not received much attention among 
mechanical engineers, with the inevitable result that, in a general 
sense, it is but little understood. Still the trade in felt hats, 
whether considered as a question of home consumption or one 
of export, is by no means an inconsiderable one, and its 
progress and present magnitude show an advance in quantity, 
coupled with a singularly corresponding decrease in the price 
per dozen, which I venture to think will be both striking and 
agreeable to those who recognise the inevitable cheapening 
of production which invariably follows mechanical invention. 

It is desired to call attention to the series of advances which 
have been made, to refer to some of the men who have given the 
trade its present importance, and to detail in brief the develop- 
ment which has taken place from year to year. And farther, 
to direct attention to the latest results which have been 
achieved in the direction of increasing the output and 
diminishing the cost. It will not be inappropriate first, 
to give a brief description of the crude and rule of- thumb 
methods — ^if one may, without using a misnomer, employ 
the word method to anything which took place in hatting 
thirty or more years ago. 

Before proceeding I will quote statistics which indicate the 
increased importance of the industry as an article of export. 
But first attention may be called to the important fact that, even 
as an article of home consumption, every-day experience shows 
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US how largely the felt hat has elbowed out of existence its 
unmanageable and comparatively inconvenient tall silk com- 
petitor. 

The following table shows the quantities and gross values, 
as well as the prices per dozen of hats exported during the 
thirty years ending 1890. It will be seen that while our 
exports have increased six-fold during that period the average 
price of the article exported has fallen by about one-half in 
declared value. It is impossible to say, with certainty, how much 
of this very striking result is the direct outcome of improved 
methods of manufacture. It would probably be quite safe to 
estimate it at 50 % of the whole. But, as the raw materials used 
to-day are not quite identical in character and mixings with 
those of the former period, it would, perhaps, be unfair to credit 
the mechanical element with the whole of the di£ference : — 





Hats Exported. 


Deelured yalae 


Declared Talae 




Dozens. 


per dozen. 


total Hats 






Shillings. 


Exported. 


1862 . . . 


225,471 . . 


. . 35-90 . . . 


. £406,062 


1863 . . . 


240,511 . . 


. . 36-90 . . , 


444,126 


1864 ... 


263,759 . . 


. . 36-60 . . . 


463,436 


1865 ... 


260,896 . . 


.. 36-90 ... 


483,594 


1866 . . . 


264,476 . . 


.. 370 ... 


490,629 


1867 ... 


271,868 . . 


. . 370 . . 


610,031 


1868 . . . 


276,519 . . 


.. 34-33 ... 


474,675 


1869 . . . 


329,409 . . 


. . 3106 . . 


511,472 


1870 . . . 


338,389 . . 


. . 3117 . . . 


627,336 


1871 . . . 


452,153 . . 


. . 29-68 . . . 


668,681 


1872 . . . 


583,191 . . 


. . 29-07 . . . 


847,561 


1878 . . . 


697,543 .. 


. . 29-46 . . . 


880,787 


1874 . . . 


632,680 . . 


. . 29-87 . . 


994,961 


1876 . . 


767,686 . . 


. . 27-60 . . 


. . 1,045,440 


1876 . . 


776,996 . . 


. . 25-78 . . 


. . 1,001,714 


1877 . . 


887,637 . . 


. . 24-81 . . 


.. 1,106,556 


1878 . . 


899,566 . . 


. . 20-05 . . 


. . 1,081,648 


1879 . . 


779,493 . . 


. . 2303 . . 


897,667 


1880 .. 


922,658 . . 


. . 22-23 . . 


. . 1,025,568 


1881 . . 


. . 1,025,931 . . 


. . 21-90 . . 


. . 1,123,380 


1882 .. 


. . 1,206,612 . . 


. . 21-85 . . 


. . 1,317,038 


1883 ... 


. . 1,057,826 . . 


. . 21-50 . . 


. . 1,137,086 


1884 .. 


.. 1,074,794 .. 


. . 21-43 . . 


. . 1,151,677 


1885 .. 


. . 1,041,849 . . 


. . 21-34 . . 


. . 1,111,546 


1886 .. 


. . 1,133,171 . . 


. . 19-18 . . 


. . 1,086,634 


1887 .. 


. . • 1,194,638 . . 


.. 1908 . . 


.. 1,139,449 


1888 .. 


.. 1,330,629 .. 


. 18-81 . . 


.. 1,261,624 


1889 . . 


. . 1,359,772 . . 


. . 19-53 . . 


. . 1,327,553 


1890 .. 


. . 1,328,661 . . 


. . 19-15 . . 


. . 1.272,013 
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• 

It is not a little snrprisbg to know that so recently as some 
thirty-five years ago no meohanical appliance was in ase for 
the formation of a felt hood or hat body. In place of 
something of the kind the operation was conducted by means of 
what was termed a bow and which might, not inaptly, be fairly 
compared to that primitiye weapon of warfare. A long wooden 
shafb, the two ends of which were connected with a length 
of thick gut, occupied one hand of the operator, while the other 
was armed with a peg, by means of which, motion was imparted 
to the gut, which in turn was brought into contact with the 
raw wool or fur, and in this manner the material was thrown 
up light and into the shape and dimensions required for one- 
half the hat body. The other half was then made in the same 
manner. The hood thus formed by means of the bow and by 
hand labour, was, as already stated, in two pieces. The 
exact constitution of these component parts is a matter which 
deserves some attention. It is clear that some regard must 
have been paid to the thickness of the different parts of the two 
halves, otherwise, as they had to be joined together, it is 
obvious that a hat greatly varying in the thickness of its 
different parts must inevitably have been the final result. To 
obviate this the operator bowed the wool most thickly on to the 
middle of the hood. At the sides, and towards the crown, 
he tapered the material off to a thinner body. A brown paper 
section of a cone was then brought into requisition, and the 
two halves, having been placed respectively on its two sides, 
had their thick and thin parts manipulated and united in such 
a manner that they constituted one hood of tolerable uniformity 
in the matter of its average thickness. The operation was a 
slow one no doubt, still it sufficed for a time, and in the 
hands of good workmen its results may be described as 
satisfactory. Anyhow it was a system which lasted as long as 
hand labour ruled, and may, therefore, be regarded as the best 
system which the collective wisdom of its day had been able 
to devise. 

Every subsequent process, such as planking or felting, 
blocking, curling, setting, finishing, &c., was conducted by a 
process equally analogous in point of crudity, and equally 
unscientific in the matter of method. In short, everything was 



24 FELT HAT MANUFACTURE AND IfAOHINEBT. 

done by hjeind labour, one hat at a time. The buildings sacred 
to these operations were, to the fall, qnite as curious as the 
industry caiTied on within their walls. Generally they were 
attached to small farm-houses, or their adjoining cottages, and 
the occupants worked for small capitalists, who gave out the 
raw material which the operator worked at a rate of speed 
having a profound regard for his own personal leisure and 
convenience. The traditions of this state of things, and the 
logical results of those traditions, are still to be found in the 
somewhat unmanageable character of some of the labour 
employed in this industry even at the present time. For it 
has not yet been found possible to bring hatting labour — ^in 
the concrete — ^into that condition of organised control which 
is one of the chief characteristics of other industries, such 
as the cotton trade for example. The future will, not 
improbably, be fruitful of action in the direction I have 
indicated. 

Comparatively however, hatting, as conducted to-day, presents 
itself under different and infinitely more satisfactory conditions 
than those last referred to. A modern shop most resembles 
a cotton mill in appearance, and such a place of moderate 
dimensions will pay considerably more money in weekly wages 
than is paid in a cotton factory of greatly larger size. The 
buildings are convenient, light, airy, and admirably adapted, 
in the main, to the economical distribution and manipulations 
of the work. They are chiefly of quite modern construction 
and possess every advantage over buildings converted from 
one use to another. 

HATTING. 

The subject really consists of two branches, viz.. Fur Hatting 
and Wool Hatting, and, although the process of manufacture 
is in each case somewhat analogous, and sometimes evea 
identical, the two branches are by no means capable of being 
described under one head. It is proposed, therefore^ to divided 
the subject into two parts, taking the more delicate one of Fur 
first, and the comparatively rough one of Wool afterwards. 

The foundation of this industry, the fur of which the hat 
is made, claims the first attention. There are many varieties 
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and qaalities of far ased for this purpose. The best is that 
iirhich is from the beaver, and the following come next in merit 
in the order in which they are here placed : — The Turkish hare, 
and Saxony hare, the Musk rat, the English hare, and Babbits 
of various localities. But furs of widely differing value are 
taken from different parts of the same skin. The furs just 
enumerated are chiefly used for the special purpose of supplying 
the nap required by ladies hats. They are also extensively 
employed for mixing with other furs of inferior quality. 
Babbits' fur, as may weU be supposed from its abundance, is 
the sheet-anchor of the frir hat manufeMsturer. Babbits' skins 
are sorted into first, second, and third qualities, and the value 
of the different furs they yield is determined in the following 
manner, viz : — 

let Qaality from the backs of best selected skins 

2nd ,« „ ,1 second „ 

3rd „ „ „ third „ 

4th ,, „ sides 

5th „ Clippings from the sides 

6th „ from the tails 

7th „ „ heads 

These different qualities of fur are mixed in proportions 
dependent upon the price of the finished article which 
is required, and may roughly be said to constitute the 
foundation of all fur hats which are made. The surface, in the 
case of a hat of apparently superfine quality is, as will be 
subsequently shown, manipulated by a process of some interest 
and importance by means of which other fur is super-added. 
Babbits* fur being, as already indicated, the foundation 
of the hat, I have now the pleasure of exhibiting samples of 
its different qualtities. 

Our first illustration is that of a machine called a Picker, 
Plate 1, and its function is to clear the fur from impurities. 
The fur is fed upon a travelling cloth which delivers it to the 
first-feed rollers, immediately behind which is a small roller 
covered with filleting, and running at a great speed. This 
divides the clumps of fibres, and at the same time blows them 
up into the chamber, where they fall upon another travelling 
cloth, and are conveyed to the next SQption, and so oa until th^ 
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operation has been conducted six or eight times according to 
the number of sections of which the machine is composed. 
The net result of this process is shown in the fur sample 
numbered ]., which is really a mixture of different qualities of 
furs and which have first gone through this machine and 
subsequently run through the mixer. The material No. 2 
is known as kemps extracted during this operation. No. 8 
is known as dags and is extracted at the same time. 

As a general rule manufacturers put the different qualities 
of far through the picker separately. They are then stored 
separately, and the quantities of each which are requisite for 
the execution of an order are selected and put through the 
mixer together. By this means, economy in production is best 
secured, as it can be ascertained approximately beforehand, 
what weight of the raw material is required for the production 
of a given number of hats. And, as it can never be actually 
known that the precise mixture in hand will ever be wanted 
again, this is found to be the readiest and most effectual method 
of avoiding waste of far by the manipulation of mixtures which 
are not likely to be required for some time. It is also found 
a ready means of checking carelessness on the part of the 
workmen. 

Plate No. 2 is a Fur Mixer which performs the very important 
work of thoroughly mixing and assimilating the different 
kinds of fibres. This operation is of the utmost importance, 
because it is obvious that the finished hat, in order to be a 
sightly and a saleable article, must have perfect uniformity 
of surface. Upon passing through the feed rollers the fur 
is delivered to a card roller. From this it is then taken 
off by a brush roller and blown up into a box. Finally it 
drops, with the fibres completely separated and mixed upon 
a creeper cloth, which delivers it into a box, or skip, when it is 
ready for being operated upon by the fur former. 

Plate No. 8 is the Fur Former. In its general principles 
it is largely a counterpart of the Mixer, consisting, as it does, 
of the card and brush rollers. The approximate weight of the 
fur requisite for the order in hand is ascertained beforehand. 
And this being determined the weight of each hat is fed 
through the former separately, and is finally blown through a 
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trunk. The sides of this trunk are fixed, and taper lengthwise. 
They are at an angle, vertically, which serves the purpose of 
adjusting the orifice or outlet, to the different shapes and sizes 
of the cones used in the formation of the fur hoods, or hat 
bodies. The cone itself, which is shown at the delivery end of 
the machine, is made of perforated copper and is placed upon a 
fiQ,ce-plate or turn-table. A powerful fan is connected to this 
turntable, the purpose of which is to hold the fur delivered 
upon the cone. The hood is then saturated by means of a 
spray, or dipped into a water vat ; it is then carefully removed 
whilst another hood is being formed upon a dupHcate cone, 
and thus the first formation of a fur hat is acquired. 

Hardening, which forms our next operation is, on account 
of the tenderness of the texture involved, often done by women, 
whose softer hands are better adapted to the work than those 
of the sterner sex. The bodies are placed between cloths and 
rolled gently on a bench. It is, unhappily, a disagreeable 
&ct that no machine has yet been invented which can cope 
with female labour in this department of the fur hatting 
industry. At some future period in the history of the trade we 
may perhaps hope for something which will give equal results, 
at less cost, than the present hand system. I mention this as 
a subject for reflection. We wait for the hour, and the man. 

This operation of hardening is one which in some districts 
is wholly done by women, and the near future will, not 
improbably, see a considerable extension in this direction. At 
the present time some confusion exists in the trade on the 
point. The masculine mind has not been over willing, in one 
large district, to tolerate female labour in this department. 
Nor have the special arrangements necessary for the comfort 
and convenience of women been so amply provided as could 
have been wished. I am glad to say that the necessary 
sanitary and other accommodation is now an integral part of 
most modem hatting concerns, and women have a future before 
them in this industry presenting possibilities which will by no 
means be easily parallelled in any other suitable industrial 
activity. 

A process known in the trade as Settling follows next after 
Hardening. Its object is to give to the hood that requisite degree 
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of consistency which will enable it to be handled and stretched. 
Plate 4 represents a machine made by Messrs. Oldham & Son 
of Denton. It is, in my opinion, the best thing extant for the 
purpose in view. It consists of three rollers, between which the 
bodies are rolled to and fro*. One of these rollers, which is made 
of copper, is heated by steam. This heat, combined with the 
pressure obtained from the top roller, has the effect of gradually 
settling, and rendering firm, the felt which the previous hand 
process produced. 

The texture is now sufficiently firm to bear more drastic 
treatment with a view to what may be described as felting 
proper. Hitherto the size of the body has been absurdly out 
of proportion to that which is requisite as a head covering, and 
the immediate object in view is at once to produce felt by a 
reduction in the size of the hood. Plate No. 5 (Crank Bumper) 
shows the machine used for this purpose, and the object is 
accomplished by gently beating the bodies against each other 
continuously for some hours. 

A further step in the same direction is taken when they are 
put through the Twisting Machine. 

Plate No. 6 (Twisters). This ingenious and interesting 
machine consists of a barrel which contains four rollers. These 
rollers are fixed diagonally in the barrel. They are connected 
together with pinions, and an internal and an external wheel 
combined, and thus geared the rollers are driven. The hat 
bodies are being constantly put through, unwrapped, and re- 
wrapped in a different manner. This is continued until the 
bodies mill up to the required dimensions. It seems somewhat 
singular that with a choice of several milling or felting machines 
at their disposal, the general efficiency of which is admitted, 
some manufacturers have not yet adopted them. And there are 
still thousands of dozens of bodies of which the finishing process 
of felting is conducted on the old plan of alternately dipping in 
a solution of hot water and vitriol and hand-planking on a boards 
The bodies are next brushed clean, and for this work 
Messrs. Oldham and Son, of Denton, have invented and patented 
a machine (Plate 7 — ^Brushing Machine) which admirably 
answers the purpose. This operation removes the loose fur and 
kemps which have worked to the surface during the process of 
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felting. The machine consists of two rollers covered with 
an indiarabber sleeve, and two brush rollers. The bodies are 
fed through, and e£fectually cleaned by the bristles. They 
are next stretched on a wood cone, called a '' coning block." 
Afterwards an operation called '* shaving " is conducted. This 
is the smoothing of the sur£BM^, and consists of placing each 
body on a wood cone attached to a vertical shaft. This runs at 
a great speed, during which the operator holds sandpaper to the 
surbce, and the process is accomplished precisely as a wood- 
turner finishes his work. 

The body is now ready for the proofing, or stiffening process. 
This again is a manual operation, and consists of immersion in 
a bath composed largely of shellac, with an admixture of 
other ingredients, the exact strength of which is, of course, 
wholely dependent upon the degree of sti&ess which is sought 
to be imparted to the hat. 

From the proof shop they are taken to the proofers stove, and 
subjected to upwards of 200° Fahr. of dry heat. This is for the 
purpose of drying the proof. Another process of heating, this 
time a moist one, follows. It is accomplished by placing the 
bodies in a box to which a service of steam is attached. The 
operation is termed steaming and its object is to drive the 
proof or stiffening, into the body of the fabric. It usually 
occupies about forty-five minutes, and is followed by again 
placing the bodies in the first' stove for the purpose of 
thoroughly drying them. The proofed article is next taken 
to the dye-house to receive its requisite colour. 

Up to this point the article has been allowed to retain what 
for brevity's sake I may be allowed to describe as its original 
''fool's-cap shape." It is, in short, purely conical and without 
the slightest pretensions to any known shape at all, and in 
the precise condition in which it left the copper cone former. 
Its condition, as a piece of felt, is supposed to be perfect. 
Should it be otherwise at this point, then all the labour 
expended upon its production has been thrown away. By a 
careless act on the part of one, or several of its manipulators, 
the article will not pass, but must be relegated to the 
^rjob " heap. This, of course, entails serious loss to the 
employer. 
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The body has now to receive its first operation in the 
direction of shaping by having its tip pulled out in the form 
of a crown. The body is next palled on to an oval wood block, 
a piece of thick string is tightened roand its bottom edge, and 
the surplus, or overhanging part of the fabric is pulled out, or 
flattened, at right angles to the block itself and thus is formed 
a rudimentary sort of brim. It has now, in an elementary 
form, some of the characteristics of the article which you 
recognise in commerce as a felt hat. This process, which is 
called blocking, is conducted by constantly dipping the body 
into boiling water in order to soften, and render pliable to the 
fingers, the stiffened body. Something in the way of a rough 
shape having being imparted the article is allowed to cool, the 
stiffening element re-asserts itself and the body settles down to 
the shape which it has been pulled into. 

It has now to be got into such a shape as will render it a 
marketable article, and this involves two distinct operations* 
the body or upper part of the hat, being first dealt with, while 
the brim receives its artistic curl subsequently. This final 
shaping is done by means of hydraulic power. 

Plate 8 (Hat Press). This plate represents the press used 
for this purpose. An oval India-rubber bag is brought into 
the inside of the hat, which has previously been softened in 
a gas-oven, and placed in a cast-iron dish. This dish is the 
exact shape and size which the hat is intended to assume. 
The dish itself has been ground and glazed so as to secure a 
perfect surface. And it is, of course, obvious that a separate 
dish is requisite for each different shape and size of hat made. 
The chest to which the press bag is attached in connection with 
the press is pulled down and secured by turning a three-winged 
catch into notches in upright slides which are firmly secured 
to the table, and the pressure is put on which produces the 
result previously referred to as pressing. 

A shapely article having now been made, the hat is handed 
over to the finisher, by whom it is placed upon a finishing lathe. 
This machine is very simple in construction, and consists merely 
of a vertical shaft with a metal-face plate at the top. On this 
plate are two taper pegs, on which an oval hat block, made of 
wood, can be fixed. There are a pair of bevel friction bowls, 
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one of which is attached to a horizontal driving shaft and the 
other to the vertical shaft. They are pnt in and ont of gear by 
means of a lever and cam, which lift ike vertical shaft. For 
finishing purposes the hat is placed on the block last described, 
as attached to the face plate, and the block is set in motion. 
While rotating, the surface of the hat is first made perfect by 
the application of sandpaper. The finish proper is then imparted 
by means of a hot velvet pad, for the heating of which a small 
gas stove stands by. This process is termed <' velouring," and 
it gives that bright and excellent finish which you have, no 
doubt, observed. 

The brim next receives its first treatment, which consists of 
reducing its overgrown and ragged proportions to the actual 
width required. This is done by a small cutting machine, 
consisting of two revolving cutters in the form of washers 
chamfered off at the edges. These pare the brim off to the 
shape of a templet. 

Much of the finishing of the brim, a process called ** curling 
and setting," is still done by hand. There is a machine, however 
(Plate 9 — Curling Pr^ss), which is well adapted for the purpose, 
the chief features and operations of which I shall now briefly 
describe. It greatly resembles the hat press, and is indeed, on 
the same general principle. The bag in this case is very nearly 
flat, as it is the brim only which is under treatment. The 
curling is done by having the chest of the press somewhat 
deeper, and the exact required form of curl made in cast-iron, 
and in halves. This arrangement is for the convenience of 
pulling the irons out of the felt brim which have been curled 
Ground them. Previous to the commencement of this operation 
of brim curling the brim alone is softened by being placed upon 
a ^' baker," an oblong cavity pan with a slightly rounded top 
which is kept hot by steam. 

The finished hats are handed to the forewoman trimmer who 
distributes them in ''pads," or batches, of a dozen or more, 
to the young women whose duty it is to trim them as fancy's 
latest fashion dictates. On being returned from this depart- 
ment they are taken in hand again by the finishers, at whose 
hands they receive a final touch of the velouring pad which 
effectively removes all the marks of handling left by the busy 
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fingers of the needlewomen. After inspection they are ready 
for packing for export or the home trade. 

WOOL FELT HATS. 

As intimated in an earlier portion of the paper Fur Hatting 
and Wool Hatting are in some senses analogous processes, 
and the subject at present under treatment only demands notice 
so far as its details are not quite similar to those operations 
already described. When the process of dyeing is reached 
every operation which follows is absolutely identical in the two 
cases. It is, therefore, only necessary to describe the manu- 
facture of Wool Hats up to that process. 

The wool most in demand for this purpose may be classed 

as follows : — 

Ist QaaUty, Port PhiUip. 

2nd „ Adelaide. 

3rd „ Saxony. 

4th „ Cape of Good Hope. 

Wool hats, like fur hats, are made both hard and soft, and as 
a rule the soft hats only are made of the classes of wool 
enumerated above. 

Hard hats are chiefly made out of the *' noils,*' or short fibres, 
extracted from wool used in other industries, and great 
quantities of this material are imported from France. These 
short fibres folt readily, indeed the shorter and finer the fibres — 
provided they are not too short — the more easily they can be 
matted together as a general rule. The treatment of this 
material is first to extract the natural grease, but, as this is 
an operation not always conducted by hatters it may be 
dismissed with a passing notice. 

Hatters may be said to commence their treatment of this 
exceedingly unpromising looking material by passing it through a 
willow for the purpose of opening it out. It is then carbonised, 
and this can be done by a choice of methods. The object in 
view is to destroy all the vegetable matter which clings to the 
wool, as the presence of any such matter is inimical to the 
future treatment of the material, especially in the important 
matters of felting and dyeing. It is either carbonised in its 
state as noils, or when formed into hoods and before the 



FELT HAT MANUFACTX7BE AMD MAOHHOBBT. 88 

dyeing process has been gone throngh. It is most importftnt 
in this operation to see that no damage is sustained by the wool 
itself. 

The oleansed wool is then carded and next taken to the 
forming card in front of which is placed the forming machine, 
Plate 10 (Wool Former). 

As the web of wool is stripped by the comb from the doffer 
it is taken up by the forming cone which revolves upon four 
rolling cones. This machine also has an oscillating motion 
from left to right, and vice versa. By this means the wool, 
as it comes from the doffer, is always being crossed as it is 
delivered upon the double-cone. This crossing is essential for 
felting purposes. You will observe that two hoods are being 
formed at once. This double formation, when sufficient wool 
has been delivered for the dual purpose, is cut in two by the 
insertion of a pair of light shears in a recess which runs round 
the larger diameter. This operation of forming is always 
conducted by women, and their sensitiveness of touch enables 
them with almost unerring accuracy to determine when a 
sufficient weight of wool has been delivered on to the cone. 
At this point, it may be remarked that there is unques- 
tionably a good remuneration for the inventor who brings out 
a good mechanical automatic method of forming these wool 
hoods the exact weight required* 

The next process, that of hardening will, with this material, 
stand being done by machinery. There are two different 
methods of doing this, called respectively '* cup and cone '* and 
"flat" hardening. 

Plate No. 11 represents a cup and cone hardener. This is by 
far the more scientific process of the two, as by it the cups and 
their cones can be made exactly to match the hood, with the 
result that t^e article is hardened in shape and exactly as it is 
made. The hoods are placed on one of the cones and covered 
with a cloth. Let it be noticed that the cone has a slow rotary 
movement. The cup is then placed upon the cone, and its 
quick reciprocating movement gives the first operation of felting. 

Plate No. 12 is a flat hardener. This performs precisely the 
.same function as our last machine. But in this case the felting 
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is perfQirmed by friction between two plates, and the tendency 
of its fridging action is slightly to alter the original shape of 
the hat body. 

A second felting operation, called *' settling," follows. 
This is done in a settling machine, such as the one made 
by Messrs. Oldham and Son, to which I have previously 
directed attention, but in this case wood rollers only are used. 
The hats are then subjected to treatment of a character so rough 
as to render it a matter of astonishment that they ever come 
forth in any other condition than that of rags. The huge pit of 
a tappit bumper (Plate 18), large enough to contain from 40 to 
100 dozens of hoods, is filled, and the entire weight of two 
immense blocks or oakheads, is allowed to pound them for 
hours, sometimes for days together. This apparently rough 
usage, however, so effectually mills them up that their respective 
dimensions are pretty well reduced by it to the actual size 
required. The fidishing touches are given by twisters, such as 
were referred to in the remarks on fur hats. 

The remaining processes are conducted on precisely the same 
lines as those explained in the other branch of my subject. 

FRAME HATS. 

There is yet another class of felt hats, and they are called 
<* framed *' hats. They are made both of fur and wool. They 
are all of the kind which is, in the trade, called '' soft.** These 
hats are curled and blocked by means of wood frames and 
blocks. They are softened by steaming in the usual way ; the 
brim is then tied round the shaped wood frame with a stout 
string. The block which makes the size is forced down into 
the hood by means of a screw, in connection with an iron frame 
made for the purpose, to the necessary depth. After cooling 
the block is removed, and the operations of brim paring, fiiiish- 
ing, trimming, &c., take place precisely as described in other 
classes of goods. 

VENEERING. 

The mention made in an earlier portion of the paper 
of the latest development in hatting, had reference to the 
operation of veneering, and I now propose to give a description 
of that operation. The matter is, I think, one which cannot 
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fail to be interesting. Yon may in any event, safely accept my 
assurance that it has been, and in some sense still is, one of the 
most supremely interesting facts in the hatting trade to-day, 
from the circumstance that since its introduction upwards of 
£12,000 have been spent in litigation in the attempt to 
determine some of the facts of its ownership; and Vice- 
Chancellor Bristowe, assisted by an imposing array of legal 
gentlemen of the highest standing, spent time enough at 
the Manchester Assize Courts to find out something or other 
at least. I am happy to say that veneering is now going 
on very satisfactorily without legal assistance, and it is at 
least permissible for me to hope that it will continue to do 
so. If litigation can be shown to be an advantage to this or 
any other industrial process, it must, I think, be by means of 
some method of application which we have yet to discover. 

Veneering consists of covering a wool or common fur hat 
body, which has been proofed or stiffened, with a veneer or 
surface coating of far. And at the outset we are met with this 
curious fact, that the coating of veneer so put on for the purpose 
of increasing the sightliness and consequent market value of the 
hat, is composed of the very refuse of the fur trade. On account 
of the shortness of its fibre it was found unsuitable for felting, 
and was usually sold for manure, or otherwise got rid of at the 
least possible loss. This shortness of fibre is, however, no 
objection to its use for the purpose under notice. On the 
contrary it is shortened still more, and cut up and ground until 
in a condition almost like dust. A mixture of this material and 
bet water is prepared, and the hat bodies are put, along with 
the solution, into a revolving barrel, or any other machine in 
which the contents can be kept in constant agitation for a 
sufficient length of time for the hat surfaces to take up the 
requisite quantity of this mixture. 

There are certain advantages connected with, or rather 
consequent upon veneering which must briefly be explained. 
I am, of course, speaking from the hat manufacturers' stand- 
point. One of the greatest puzzles in hatting is that 
connected with the fact that no attempt is made to impart 
colour to the hard hat until after it has been well stiffened. 
And not even the skill of the most experienced dyer can 
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suffice to drive the colour into the fabric to any appreciable 
extent. This can be seen by merely scraping the surface 
of a hat in this condition with the thumb nail, when the 
proof at once shows through the dye. Now, in the case of 
a veneered hat, covered as it is with a fine coating of fur which 
does not contain one atom of any stiffening element, the manu- 
facturer has a surface of an exceedingly superior character to 
work upon, so far as the important question of dyeing is 
concerned. In short, the whole of the exposed surface is of a 
character in the highest degree receptive, and greatly superior 
in its future possibilities to a hat produced on the old lines. 
The initial importance of the process is, therefore, at once 
apparent. Its value at a subsequent stage, and in connection 
with the finished article, arises from the fact that a better 
looking hat can be produced, at a price, by means of this process 
than by any other means known in the trade to-day. 

Plate No. 14 (Fibres of Fur and Wool). In order to make 
this question of dyeing in its connection with veneering perfectly 
clear to you, I have arranged a series of six illustrations showing 
proofed, unproofed, and dyed fibres, and appended their 
respective descriptions for your examination : — 

No. 1. — ^Natural wool fibre, unproofed. 

No. 2. — Wool fibre, showing proof on surface filling up the 
cells and rendering them dye-proof. 

No. 8. — Fur fibre from surface of veneered felt, showing dye 
deposited in cells, the surface being bright and 
lustrous. 

Nfo. 4.— Wool fibre No. 2, with dye deposited on surface of 
proof. 

No. 5 . — Section of proofed and veneered body, showing unproofed 
surface. 

"No. 6.-^Section of proofed body without veneer. 

. I have endeavoured, I hope not unsuccessfully, to place before 
you as briefly as possible the chief methods of hat manufacturing 
as conducted to-day. Still, my self-imposed task would be 
incomplete without a passing reference to the magnitude of this 
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industry, and to some of the reasons of its growth. Hatting 
has, like some other branches of oar British manufacturing 
industries, characteristics of its own. Tradition affirms—and 
no doubt tradition is in this case quite correct — ^that a century 
ago a good ** wrap-rascal '* greatcoat was an institution which 
often descended from father to son as a family heirloom. But 
then the garment was guiltless of any admixture of shoddy in 
its fabric. In like manner a good beaver hat, in the first 
quarter of this century, was an article which a man probably 
purchased once in a lifetime. But its price was high, and the 
article was only used on special occasions. Its normal condition 
was that of being wrapped up in a silk kandkerchief and laid up 
in lavender in a drawer. This state of things arose chiefly 
from two causes. First, hats ^ere dear, and secondly, money 
was not plentiful. Hats are now produced at a cheaper rate, 
and money is more plentiful so far as the many are concerned ; 
and there is an objection — ^and a praiseworthy one — to wearing 
the shabby greasy hat. So, as the eminently respectable hat is 
now within everybody's reach, it happens that everbody wears it. 
But, unlike the 19s. lid. overcoat, it is not shoddy, although it 
does, no doubt, exist in a great variety of qualities. In a large 
measure the mechanical improvements now at work in its 
production are the causes of its cheapness. I do not propose to 
enter upon the debatable ground of Free Trade and Fair Trade, 
but I may at least be allowed to call attention to the satisfactory 
fact that, while we practically import no hats, we do export 
them in large and ever increasing quantities. The trade has 
been left to the enterprise of employers and the industry of the 
workmen, with the result that England has far away the largest 
export trade in hats in the world ; and that whereas in 1855 
our exports of hats were so small in quantity and value as not 
to be thought worth classifying, except under the miscellaneous 
head of haberdashery, in 1891 those exports had risen to the 
satisfactory quantity of 1,142,869 dozens for the eleven months 
ending November, to the value of £1,098,022 sterling. This 
state of things I regard as extremely satisfactory. 

The business is now carried on by men of means and enter- 
prise. It has taken its place among the industries of the 
nineteenth century. Those who conduct it are aUve to the 
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reqairements of the hour. Indeed, there are no employers in 
any branch of mannfaoturing activity more keenly wide-awake 
on the important points of increased oulpnt and diminished cost, 
coupled with excellence of workmanship, than the men of whom 
I speak ; and it is certain that the future will continue to see 
great strides made in every branch of mechanical invention 
which bears upon the production of this article of conmierce. 
And of this I am certain, that the business offers splendid 
opportimities to the machinist who can solve some of the 
problems which occupy the thoughts of the hat manufacturers 
of to-day. 

The extent to which assistance of a purely technical character 
is sought and obtained receives its most forcible exemplification 
in the fact that Professor Watson Smith, one of our most 
celebrated professors, devoted a good portion of a year to the 
study and exposition of the chemistry of hatting. And to-day 
the subject takes a prominent place in the Technical E^stem 
of the City Guilds of the London Institute, to which the 
Provincial Technical Schools are affiliated. The prizes offered 
in this connection are valuable, and consist of Certificates, 
Medals, and Gash Prizes. 

Probably the best method by means of which I can briefly 
bring your minds to grasp its importance as a local industry is 
in the fact that in the Manchester District there are upwards of 
160 hat works, employing over 15,000 hands, with a producing 
power of some 66,000 dozens per week. 

In conclusion, I should like to place on record my appreciation 
of the courtesy of the following firms, to each of which I am 
more or less deeply indebted for information and assistance in 
the preparation and treatment of my subject: — Messrs. Wild & 
Booth, Denton ; Messrs. Heginbottom & Oldham, Denton ; 
Mr. Lees Broadbent, CO., Denton; Mr. Councillor Oldham, 
Hyde ; Messrs. J. Moores & Son, Denton ; Messrs. J. Cheetham 
& Sons, Hyde; Messrs. Jas. Hegginbottom & Sons, Hyde; 
Messrs. Mather and Hewitt, Hyde ; Mr. Daniel Lever, Denton ; 
Messrs. J. Woolfenden & Sons, Denton ; Mr, J. Lees Buckley, 
Woodley ; and the Lancashire Felt Co., Denton. 
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In order to make the paper all the more interesting Mr. 
Marshall exhibited samples of furs and wools and fur veneer, 
as well as specimens of hat bodies in different stages of manu- 
facture. A practical hatter (Mr. T. Ogden) Ukewise attended, 
and demonstrated the old method of forming the hat bodies by 
means of the old bow. 



DISCUSSION. 



The PsEsmENT, (Mr. T. Daniels), before inviting discussion, 
remarked that although the majority of those present did not 
undel^stand much about hatting, they could see the advantages of 
the machines described over the old hand system. He thought 
the hat manufacturers should have medals and stripes, because 
they were able to keep foreign hats out of this country, and he 
hoped foreign hats never would be imported here. 

Mr. Joseph Nasmith, after expressing his appreciation of the 
admirable manner in which the author had dealt with his 
subject, said the detailed explanation seemed to have one 
omission, and that was in reference to the exact nature of 
felting. 

He might supplement^ therefore, the information in the paper 
by saying that felting was only possible with animal fibres, 
because nearly all of them possessed a certain number of saw- 
like edges or depressions, which peculiar structure could be 
evidenced by viewing them through a microscope. Vegetable 
fibres could only be united by some form of twisting or plaiting, 
but animal fibres of all characters could be rendered into a 
homogeneous mass by the simple effect of pressure or rubbing. 
This was the basis of the milling process in woollen cloths, and 
of the felt process in hat making. The peculiar beauty and 
closeness of texture which beaver possessed, was entirely due 
to the same process which had been demonstrated that evening, 
namely, by the interlocking of the various fibres by means of 
the process or rubbing to which they were subjected. 

Another point which the author might have made clear was 
the fact that in the formation of the hat bodies by machinery 
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the thickness of the various portions could be readily adjusted. 
If one part was required thicker than another, it could easily 
be effected by directing the current of fur more on one part than 
the other. 

With regard to dyeing, it seemed a pity that a method could 
not be devised by which that operation could be effected 
prior instead of posterior to proofing, as at the best it was a 
surplus operation, and the reason why dyeing was so successful 
with veneered hats as compared with the ordinary hat body, was 
simply because the dye penetrated the various cells of which each 
respective fibre was composed. Since veneering had become 
the practice in felt hat making, a hat could be purchased at a 
small cost, equal in appearance to a most expensive production. 
Certainly, he admitted, the good appearance was merely 
superficial, but still the hat was good enough for all practical 
purposes ; and when one called to mind the rapid discolouring 
of the hats made a few years ago, the importance of veneering 
would be appreciated. It was quite true that a large amount 
of money had been spent in litigation re this process, and it 
was a great question to him, if the expenses thus incurred would 
ever be repaid to the persons concerned. At any rate, the litiga- 
tion put the science of veneering on a firm basis, and showed 
exactly what had been previously known, and what had been 
discovered since. Undoubtedly that litigation was brought about 
by a lack of shrewdness on the part of the inventor in not making 
an amicable working arrangement with those who infringed the 
patent. In this matter the aid of the microscope was brought 
in, and it showed some remarkable things. It was found that 
by the veneer process there was not only an apparent, but a 
very real union of the various fibres, and the small ground fur, 
of which samples had been shown, and which one would not 
consider had any fibre in it, in the strict sense of the term, did 
really contain, if not the whole at any rate the essential 
part of the fibres. When these were placed upon a previously 
prepared hat, a real skin was put upon the body which deserved 
the name of veneer, because the union was as perfect as in the 
case of furniture veneering, which they were aware, except 
from an accident rarely came off. 
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The author had told them that no felt hats were imported 
into this country, and that as far as export was concerned we 
had the lion's share in all the markets of the world. Generally, 
that statement was correct, but it was open to' doubt, when the 
various delicate shades of felt hats were concerned. In this 
respect the German and the French had run us close indeed. 
Where delicate shades were required, and the skill of the dyer 
was necessary, then, as in the cognate industries of cotton and 
woollen, the Germans and French came to the front. It was 
a matter for congratulation that the authorities of Owens 
College, recognising this fact, engaged Mr. Smith to go into this 
subject, as he did by a series of lectures which he delivered 
to hatters. He demonstrated to them what was the basis of hat 
dyeing, and he (Mr. Nasmith) believed that series of lectures had 
done much to put the hat dyeing industry into a position of 
greater security than it had ever held before. In this connection 
it was a pleasing thing to know that the City and Guilds of 
London Institute (which was working with the money accu- 
mulated by the London Livery Companies) was turning that 
money to better uses than merely holding feasts, etc. 

He thought that Institute, by reason of the funds placed 
at their disposal, had done more to advance the real practical 
technical education of the industries in this country than 
any other institution. It was indeed satisfactory to see that 
the funds which had accumulated from past generations, 
were now being devoted to the extension of the education 
of the people in the practical arts and industries that belonged 
to this country. 

He had pleasure in moving <' That the best thanks of the 
'* members be given to Mr. J. Marshall for his instructive 
*' paper, and also to Mr. T. Ogden for his ocular demons* 
'< tration in the old method of hat forming." 

Mr. A. Saxon seconded the resolution. He said that he had 
been well pleased with the paper and with the demonstrations 
of the old processes. Mr. Marshall seemed to picture hatting 
as a healthy industry, but his opinion was that some branches 
of the trade were unhealthy. He alluded to foreign machines 
being introduced into this country, and spoke of the enormous 
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waste there must be to the people in hats not being re-finished 
after having been worn for a time. 

On the motion of the PsssmENT, seconded by Mr. J. Walthbw, 
it was unanimously resolved, <' That the hearty thanks of the 
Manchester Association of Eugineers be given to the gentlemen 
who had so cordially co-operated with Mr. J. Marshall in the 
preparation of the paper on Felt Hat Manufacture and 
Machinery.'* 

Mr. Joseph Mabshall, in replyiug, thanked the members for 
the very cordial manner in which they had received the papar, 
and also acknowledged, on their behalf, the vote of thanks 
which ]iad been passed to those gentlemen who had in various 
ways assisted him. The latter, he might say, would greatly 
appreciate the compliment, which they undoubtedly deserved, 
as they had readily supplied him with any information and 
samples, etc., which were necessary for the completion of the 
paper. Eespecting Mr. Nasmith*s remarks, of course it would 
be difficult in a short paper to have referred to every detail on 
the subject, but he might point out that the information 
regarding the forming of the different thicknesses of hat bodies 
was contained on page 27. 

He need only refer to two points in Mr. Saxon's remarks, 
the first being regarding foreign machinery. He could inform 
him that with the exception of one machine exported from 
America, called the **Eickemeyer Tip Stretcher," he was aware 
of no other. That was an excellent machine for its purpose, 
though it was not adaptable to all kinds of hats. He had had 
some experience in foreign -made machinery, but he thought as 
regards quality and efficiency they could not be compared with 
that manufactured in England. Again he might say that we 
made more hat machinery for abroad than for the home trade. 

As regards the re-newing of old hats, that of course might be 
done, but the cost of same would be nearly as much as that for 
a new hat. 
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There is an ever increasing tendency in modern town life to 
make use of every possible means for reducing labour and 
cheapening the production of all , those articles which go 
to make up the sum of the luxuries and necessities of our 
complex existence ; and, as far as the mechanical progress of 
the times goes, there appears to be a decided tendency towards 
centralization. In Manchester, very rapid progress in this 
direction is now being made. For many years we have been 
content to get our water from what may be called a central 
station, and our gas from another ; but now we are rapidly 
approaching the time when electricity and hydraulic power will 
both be obtainable from a central source. The benefits which 
might be made to accrue from this centralization of the produc- 
tion of modern necessities are many, but, while the possibilities 
are great, the need for careful management on the part of the 
authorities is also great. Too much reliance upon the municipal 
method of management will probably lead to future disappoint- 
ment, especially when a large proportion of the more general 
wants of the public will be supplied directly by the local 
authorities. 

The experience which has been gained during recent years in 
Hull, London, and other towns where high-pressure water has 
been distributed through wide areas from a central pumping 
station, proves that such a method of power distribution has 
supplied a want, and is more economical than what might, for 
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distinction, be named the individual system of supply. But 
while hydraulic power is admirably adapted for driving slow- 
inoving mechanisms and hoisting gear, there is, nevertheless, a 
limit to its adaptability, and that limit is soon reached when 
loads are variable and speeds considerable. 

Mr. E. B. Ellington, who is one of the staunohest advocates of 
the hydraulic system, as well as one of the moat experienced 
engineers in its use, states that the efficiency of a alow^moving 
hydraulic machine, such as an hydraulic press wilfh one gland 
or packing leather, will be about 90 %, while a rapidly moving 
lift will not give more than 50% efficiency. Taking these 
efficiencies of the individual machines, and deducting the 
efficiencies of the engines and pumps at the central station and 
the efficiency of transmission through pipes, it will be seen that 
for every horse-power of work done by an ordinary lift, 2J-H^ 
will have to be indicated in the steam cylinders at the central 
station. It is clear, therefore, that the hydraulic system, though 
admirably adapted for the transmission of power to slow -moving, 
evenly loaded and intermittently working machinery, soon falls 
short of commercial possibility when speeds are higher, loads 
variable, and constant working desirable. 

In order to cover the whole range of modern requirements, 
some other method suitable to these altered conditions is 
desirable. 

It is to such a system that your attention will be directed for 
this evening, and afterwards I trust that you will agree with 
me, that for extreme handiness, universal suitability, and 
ultimate economy, few systems are equal to it. 

In the face of the general impression that transmission of 
power by compressed air is extremely costly, it may be con- 
sidered to be rather bold to make the assertion contained in the 
preceding sentence ; but after an extensive acquaintance with 
the subject, and frequent investigation into the causes of the 
costliness of the system, I can say that a very large proportion 
of the compressed-air plants in England and abroad — ^particularly 
in England — ^have been put up under the fallacious idea that, 
because the system is thought to be an expensive one, 
therefore it is of no use to take the most ordinary care to design 
compressors better than those that have gone before. 
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Wherever yon go you hear the same story : " Well, yes, we 
have a large plant, and there is no doubt of its safety, ease of 
manipulation, sunphoity of the motors, and small wear and 
tear; but it is very costly in fuel, and wasteful." 

An inspection of the compressors mostly accounts for the 
greater part of the complaining. You will frequently find the 
steam engine arranged so as to cut off at Jths of the stroke, 
because it is assumed that as the greatest resistance in the air 
cylinders occurs near the end of the stroke, therefore steam 
must be carried a long way in the steam cylinder to make up 
for it ; yet you will find engines close at hand working against 
a constant load with a tenfold expansion. 

It is curious to observe the fixity of ideas when once they have 
been formed, for in one case it never seems to strike the user 
that if his fly-wheel will equalise the fluctuating energy given 
out in the steam cylinder with a cut-off of -i^, it will also do the 
same with his air .sompressors. Then you will nearly always 
find the suction valves of the air cylinder too small for their 
work ; and worse still, the delivery valves will be loaded with a 
spring to such an extent, and the area of outlet will be so 
restricted, that the air cannot get out of the cylinder fast enough, 
yrith. the result that an excess resistance of 10, 20, and even 
401bs. per square inch is thrown upon the piston and wasted in 
he9>ting and friction. 

To use the words of a Continental writer it often happens 
that ** Owing to the bad design of the compressors, three- 
fourths of the power to be transmitted is lost before the air 
enters the mains and before there can be any talk of 
transmission." It should not be a matter for wonder if, under 
such conditions, the ultimate efficiency »of the system is low. 
But the compressors are not the only faulty parts of the 
apparatus, for the mains are generally far too small, and the 
motors are nearly always converted steam engines of the 
simplest and most wasteful type. 

As the compressors are the first step in the series of machines 
used in a system of transmisE^ion of power by air, it would 
perhaps be best to direct attention to them first. The 
time we have to spare this evening will not permit of any 
kind of historical retrospect so I propose only to allude to the 
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machines of the past where they illustrate the improvements 
of the present time. 

I might be permitted to say, however, that so far as the 
correct practice of air-compressing goes the sabject was well 
understood as far back as the year 1880 when Thilorier 
received the medal of the French Academy of Sciences for his 
method of compressing gases by stages, and about the year 
1849 the Baron von Bathen proposed the use of compressed air 
locomotives carrying air at 750 lbs. per square inch ; and in 
order to obtain such high pressures he fully described the 
process of stage compression with intermediate cooling and 
pointed out the specific advantages of the cooling. As will be 
seen later on, the process of stage compression with cooling 
between the stages, with the application of the process to 
moderate pressures, has formed the great step in the recent 
improvements in air compressors. 

Stage compression is of course an old idea when applied to 
high pressures, but its application to such moderate pressures 
as 60 and 90 lbs. per square inch in order to render possible the 
use of thorough intermediate cooling has formed a step almost 
as important as a new invention. 

Modern Air Compressors may be divided broadly into two 
classes viz, : — 

Class I. — Wet compressors or those using a water piston« 

Class II. — Dry compressors or those using very little or no 
water in the cylinder. 
Class I. may be sub-divided into three classes viz. : — 

(a) Those designed by M. Sommeiller for the Mount Cenis 

Tunnel and depending upon the use of a natural head 
of water conducted alternately to chambers, which, by 
means of suitable valves, can be filled and emptied 
automatically, as shown in *Plate 1. 

(b) Those which are the direct outcome of (a) but in which 

the power of an engine is used to create an artificial 
head of water by means of plungers working in barrels 
similar to water pumps. 

(c) Those which are a step still nearer to the dry compressors, 

and in which the water is only used for cooling purposes 
and to fill up clearance spaces at the end of the stroke. 

*Vot detailed desoription see page 100. 
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Type (a) is practically obsolete, on account of its slowness 
of action and consequently large size and cost. It will be 
understood that it would be next thing to impossible to 
stop such a large body of water with sufficient frequency 
to make quick strokes. The speed of the one used at 

r 

the Mount Genis Tunnel was about three strokes per 
minute. 

Type (&). In this type the compressing force is got from a 
steam engine, and in order to retain the apparent 
advantages of the water piston, the steam engine drives 
plungers which displace a certain body of water and 
thus obtain what might be called an ebb and flow of the 
water in the compressing vessel. The speed of the 
plungers is about 160ft. per minute. Though not much 
adopted in England this is a type of compressor which 
is widely used on the continent. 

Type (c). Is what might be called the modem kind of wet 
compressor and is a very great improvement over type 
(b) though both are due to the designs of the same 
engineers, viz., Dubois and Fran9ois. Of course there 
are many intermediate stages between (b) and (c), but 
time does not permit of a longer pause on this part of 
the subject. The water used in type (c) has a totally 
different object from that used in (a) and (b), viz., it is 
injected under high pressure during the compression 
part of the stroke, and is sprayed into fine mist by 
means of nozzles so as to intimately mix with the air 
and absorb the heat due to compression. Only just 
sufficient to absorb the heat and to make up for loss due 
to the water carried away with the compressed air 
is injected. 

The advantages of {a) are — the necessarily slow action of 
the water columns during compression gives considerable 
time for the heat of compression to pass through the walls 
of the vessel, and thus produces a near approach to isothermal 
compression. 

The disadvantages are — ^large and costly machinery in pro- 
portion to the turn-out. 



60 TKANSMISSION OP POWER BY COMPRESSED AIR. 

For all practical purposes air may be taken to be a perfect 
gas, obeying the usual gaseous laws, and capable of sustaining 
all practical pressures without condensation into a liquid. 

If it is desirable for any purpose to increase the pressure of 
air from one degree of intensity to another, it can be done in 
two ways, — either by increasing the temperature of the air while 
the volume is kept constant, or by decreasing the volume while 
the temperature remains constant. An approximation to the 
latter process is the one almost universally adopted in air com- 
pressors. Suppose, then, that we have an ideal cylinder which is 
impervious to heat, and is fitted with an air-tight, frictionless 
piston, which can be made to force the whole of the air out of 
the cylinder at each stroke — in other words, suppose the piston 
to work without clearance spaces. 

If the cylinder is fitted with an indicator and suction and 
delivery valves, the following actions will occur when the piston 
is drawn from one end of the stroke to the other ; — First, air 
will be drawn into the suction end of the cylinder, until the 
piston reaches the end of the stroke. With perfect valves the 
line drawn by the indicator will be that of the lower pressure — 
say atmospheric. The piston now returns, the suction valves 
immediately close, and as the piston continues its motion' 
the volume of the space containing the imprisoned air is 
constantly reduced, the pressure consequently increases. 
This goes on until a point is reached when the pressure inside 
the cylinder is equal to that above the delivery valve, after 
which the valve opens and delivery, at practically constant 
pressure, results until all the air is expelled and the piston is 
once more where it started from. 

Now it is very important to make a clear distinction between 
the work done in compressing the air and that spent in deliver- 
ing it into the reservoir. The work of compression is done at 
the point C on the ideal diagram (Plate 2, Fig. 1), after that 
point the work is spent in forcing the air out of, or delivering 
it from the cylinder. When the compression commences there 
is a volume — ^Vo say — of air in the cylinder at atmospheric 
pressure and temperature, and if the temperature could be 
kept constant during the whole operation, the work done 
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in oompressing and delivering the air would be a minimum 
for that temperature. But as soon as the piston begins to 
reduce the volume, heat begins to appear. This heat causes 
the temperature to rise, and consequently the pressure 
reaches that of the delivery at an earlier part of the stroke 
than it would if the heat could have been conducted away 
as fast as it was set free. If no heat whatever escaped 
into, or through, the walls of the cylinder, the curve would be 
called an adiabatic curve ; while the curve in the other extreme 
case, where the whole of the heat passes away as quickly as it 
is developed, is called an isothermal one. The actual curve 
obtained in practical compressors lies between these two, but is 
generally much nearer the adiabatic than the isothermal. As 
far as the compression portion of the stroke goes, it makes very 
little difference which curve is followed, for the nett work spent in 
attaining the same final pressure is practically the same in both 
cases ; but it is very important to keep as near the isothermal 
curve as possible, on account of the effect on the delivery portion 
of the stroke. This is clearly seen by superposing the two ideal 
diagrams (Plate 2, Fig. 1). C E is the isothermal curve for a 
certain volume of air, and F £ the adiabatic for the same volume. 
The areas C I E G and F J E F are practically equal, but the 
delivery area, F D A H F, for the adiabatic compression is 
greater than that for the isothermal compression, G D A G 
by the amount F G O H F, on account of the increased tempera- 
ture and consequent greater volume of the air. If cases existed 
where the air could be used at its high temperature, the adiabatic 
method would be more economical on account of the smaller 
size of the plant for the same delivery ; but it unfortunately 
happens in nearly all practical schemes for the transmission of 
power that the air passes through pipes, &c., at the atmospheric 
temperature, and the heat is almost immediately radiated, and 
the work represented by the area F G I J F becomes a dead 
loss. To reduce this loss to its lowest limits has been the object 
before every designer of air compressors. 

Having so far described the ideal diagram we will now 
consider the modifications brought about by practical considera- 
tions such as clearance volume, resistance of valves and 
passages and insufficient area of delivery. 
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The diagram, Plate 8, Fig. 2, may be taken as a fair sample 
from the ordinary compressor, and shews clearly the many defects 
common to it. Assuming the piston to start from B we notice 
that ^he suction valves do not immediately open because the 
air compressed into the clearance space A B of the cylinder by 
the previous stroke of the piston expands behind the piston 
until a point G is reached, at which the pressure has become 
equal to that of the atmosphere. So far, therefore, the stroke 
is w/bsted, for no fresh air is admitted. As soon as the piston 
passes C the suction valves open and air is drawn in, but owing 
to the resistances of passages, or insufficient inlet area, the 
atmospheric pressure is not maintained and a difference of 
pressure seldom less than lib. per square inch and frequently 
much more, is required to keep up the supply as the piston 
moves. Even a resistance so small as lib. per square inch makes 
a very considerable waste of power when continued ; and the 
power is absolutely wasted, for it generally happens that the 
atmospheric pressure is reached before the piston begins the 
return stroke owing to the slowing down of its velocity near the 
end of the stroke. The compression stroke now commences 
and heat is rapidly formed, resulting in a raising of the curve 
up to the adiabatic or very nearly so, and this in spite of 
the fact that the cylinder is generally provided with a water 
jacket, which is frequently supplied with water in such a 
manner as to prevent any considerable advantage being derived 
from its use. The cooling water should be delivered into 
the jacket near the bottom and close to the barrel of the 
cylinder so that a natural circulation may result. Very often 
however, the cold water is admitted at the top under the idea, 
that, being cold, it will sink through the warmer water already 
in the jacket; of course the latter is far in excess of the 
former, and so the cold water is quickly heated and does not 
accomplish the object for which it was admitted. When the 
pressure reaches the point D, the delivery valve opens and 
compression is complete, the remainder of the stroke being 
taken up in forcing the air into the receiver. By far the 
greater number of compressors are provided with ordinary 
pump valves, sometimes with springs above them, and some- 
times without ; but in either case the lift is always limited 
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to a very small amount on aoooont of the hammering action 
of the valve in closing with the load apon the top. It freqaently 
happens that even if the valve lifted until the opening round 
the edge was equal to the area of the pipe, there 
would not be sufficient space for proper delivery, for no defect 
is more common than contracted passages and limited areas. 
In consequence of this resistance, the pressure necessary to 
force the air out at the velocity with which the piston is 
moving is much greater than it ought to be and great waste 
of power and heating is the result. The writer has inspected 
diagrams from many kinds of compressors with automatic 
acting valves, some with ordinary drop valves without springs, 
some with springs, India-rubber valves closing on grids, metal 
discs and, rings closing on numbers of small holes, flap valves 
with spring buffers, ball valves, and many others, and has 
come to the conclusion that if perfection is to be approached 
it must be by using some mechanical means for opening and 
dosing the valves without shock, or at least for regulating the 
speed of closing. 

Owing to the clearance spaces there is a considerable volume 
of high pressure air left in the cylinder at the end of the stroke, 
and this must be expanded down to atmospheric pressure 
before the suction valves will open. Of course it would easily 
be possible to make the clearance spaces so large that no air 
whatever would be delivered above a certain pressure — in fact 
cases of the kind are known to the writer — ^but in reasonable 
cases there is no actual loss of power by clearance spaces 
(though there is a great loss of volumetric efficiency), for the air 
expands behind the piston and helps the steam engine in its 
work. 

Having now described the perfect indicator diagram and the 
very common but very defective one, it will be best to point out 
the various means that have been adopted to increase the 
efficiency of compressors and bring them nearer perfection. 

The two defects which were formerly accounted most im- 
portant were those due to heating and to clearance spaces, 
and it was thought that they could both be reduced by the 
introduction of water into the cylinders along with the air 
during the suction stroke, but it was soon found that water 
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introduoed in this way had practically no effect as a cooling 
agent, though it might have heen of some use as a means for 
reducing clearance spaces. There are, however, so many 
objections to the use of water in a cylinder, such as difficulties 
of lubrication, of keeping the water free from grit and of prevent- 
ing damage from sudden shocks when the piston approaches 
the end of the stroke, that unless the water can be used more 
efficiently as a cooling agent its value as a remedy for clearance 
is not worth considering, against the disadvantages attending 
its use. With water introduced in this way it does not neces- 
sarily follow that there is any reduction of the effect of clearance 
space, because the tendency is to introduce more water than 
is absolutely required, and it often occurs that the clearance 
spaces are not only completely filled, but there is so much 
surplus water introduced that the volume available for drawing 
in air is no greater than it would have been if the clearance 
spaces had been allowed full action. The next step was to 
force the water in by means of a pump during the compression 
stroke, and while this had the effect of lowering the temperature 
of delivery, it was found that the work of compression was 
not materially reduced because the heat was not absorbed as 
it was generated, but was taken out mainly during the delivery 
portion of the stroke. 

Professor OoUadon discovered that unless the water was 
intimately mixed with the air in the form of fine spray it was 
useless to expect much cooling, so he arranged nozzles like 
that shown in Plate 8, in his cylinders so that water could be 
sprayed into fine mist and thoroughly mixed with the air during 
the compression stroke, and by this method a considerable 
saving can be effected. 

The effect of introducing the water during the compression 
stroke, instead of during the suction stroke, is to completely 
do away with clearance spaces without running the risk of 
overdoing the work by sending in too much water. Oom- 
pressors of this type— known as the Dubois-Fran9ois — are very 
extensively used on the continent, though the dry compressor 
seems to suit English ideas better. The presence of water in 
cylinders is very objectionable when piston rings are used, for 
the tendency to rust and set the rings fast is very great, and 
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there is a catting action caused by the water which soon spoils 
the internal surface of the cylinder. One other point in 
immediate connection with the wet method of compressing 
should be mentioned, and that is the fact that air thoroughly 
saturated with watery vapour takes slightly less power to 
compress it than dry air alone. 

It is probable that up to this point of development both the 
wet compressor and the dry compressor were about equal as 
regards efficiency; for what the wet method gained by more 
thorough cooling, it probably lost by slower speed and reduced 
mechanical efficiency, and both of them suffered from the too 
common defect of too little valve area. On account of the con- 
venience of the position, it seems to be a constant practice to 
place both the suction and delivery valves in the end covers of 
the cylinders, the top half usually being appropriated to the 
suction valves and the bottom half to those for delivery. Now, 
a very simple calculation will shew that if the suction resistance 
is to be anything less than lib. per square inch, the area of 
opening must be considerably more than can be got, with 
reasonable lift, in such a space on the cylinder end. In conse- 
quence of the restricted area the valves of themselves would take 
too great lift, and to limit the amount of it so as to prevent the 
valves from knocking themselves to pieces, heavy springs have 
been introduced, resulting in great loss of power in valve 
resistances. (See Plate 5.) 

It should be borne in mind that lib. per square inch due to 
suction valve resistance often counts for more waste of power 
than 41bs. per square inch of delivery valve resistance, because 
the suction resistance acts throughout the greater part of the 
stroke, while the delivery resistance i^ confined to a small 
amount near the end of it, and lib. per square inch on any 
ordinary sized piston mounts up to a very considerable figure in 
the course of a day. 

But if contracted areas have been the rule with the suction 
valves, they have been much more so with those fdr delivery, 
and it is very remarkable that engines should work at all under 
such conditions. The cause would be clear if the trouble had 
sometimes been taken to calculate the velocity of the air during 
the first part of its exit from a cylinder through these valves. 
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No doubt this has been done at times, but when the result 
shewed that large valves would be necessary, those results have 
been ignored on account of the great trouble supposed to belong 
to the use of heavy valves. 

There is a still more important defect with heavy valves, and 
that is during the opening, when the valve tends to go at the 
velocity of outflowing of the air, often as high as 200ft. per 
second at the commencement of the delivery stroke, when the 
piston is going fastest, Springs and buffers of all imaginable 
kinds are used to prevent the damage caused by the upward 
blow, but they all have the effect of tending to throttle the 
passages, and, so far as my experience goes, none of them are 
perfectly satisfactory. Perhaps the most satisfactory form of 
buffered automatic- acting valve is that of Messrs. Walker Bros., 
of Wigan, which is a large valve and closes quietly. Two 
forms of delivery valve are shown by Figs. 1 and 2, Plate 6, all 
suffering from the same defects in greater or less degrees, and 
Fig. 2, Plate 3, and Fig. 2, Plate 7, are actual copies of indicator 
diagrams from Figs. 1 and 2, Plate 6. 

Note particularly the great proportional loss of power from 
insufficient valve area, and the effect of clearance spaces. 

Having now arrived at the general defects of air compressors, 
let us see by what means they can be removed. 

Firstly, let the abstraction of heat occupy our attention. It 
has been shown that mere contact of air with the surface of the 
cylinder, though the latter may be efficiently cooled by water 
outside, is not sufficient to abstract a very large proportion of 
the heat of compression. Taking the adiabatic curve for air 
to be expressed by the formula 

P V =s a constant, 
the writer has found that the actual curve obtained from com- 
pressors with jacket cooling only, and for ordinary air, which 
always contains a proportion of aqueous vapour, seldom comes 

1 s 

below P V = a constant. The introduction of water during 
the suction stroke has very little effect indeed, as might be 
expected when it is remembered that it would fall in a body to 
the bottom of the cylinder, and any cooling that could result 
afterwards would be due to conduction of heat downwards, a 
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condition under which water takes np heat very slowly. The 
method of spraying the water through nozssles during the 
compression stroke has already been described, and is the only 
effectual way of cooling in the cylinder. But there is a way 
which has been known since very early in this century, but 
which has only during recent years been applied to moderate 
pressure. That is the compression in stages with intermediate 
cooling. This is the only way which allows of complete cooling, 
and it is carried out in the following manner : — 

The whole of the air is drawn into a low pressure cylinder, 
and is there compressed up to 20 or 801bs. per square inch 
above the atmospheric pressure, the exact relationship between 
initial, intermediate and final pressures being given by the 
formula 

whdre Pq is the atmospheric pressure, P^ that of the inter- 
mediate receiver and P, the final pressure — absolute pressures 
in all cases being used. On leaving the low pressure cylinder 
the air, which has become heated to a certain extent, passes 
into an intermediate receiver and is cooled down to its original 
temperature either by means of a spray of water, or by passing 
through tubes surrounded by cold water. The air then enters 
a smaller or high pressure cylinder in which the pressure is 
increased up to that desired. Diagram No. 2, Plate 2, 
is what may be called B^n ideal combined diagram from two 
such cylinders. Assuming that the cooling is done by a 
jacket only, the area E F D E E shows the best result that 
could usually be expected from a compressor doing the work in 
the usual way in one cylinder. When two cylinders are 
employed the compression curve follows the same line up to 
the point L, when dehvery fcom the low pressure cylinder 
commences. The air then passes through the cooler, during 
which time its volume is reduced by the abstraction of 
heat tmtil it reaches the isothermal line at M ; compression 
then takes place in the smaller cylinder and the curve 
follows the 1*8 line again until the delivery pressure is reached. 
The amount of saving due to the intermediate cooling is 
shewn by the area which has been cross-sectioned. But 
beyond this there is another important point to be noticed 
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and that is the inflaence of compounding on the clearances at 
the end of the stroke, supposing for the present that no means 
for reducing their effect is adopted. If the compression took 
place iik one cylinder the effect of a 2% clearance in 
compressing to 5 atmos. absolute, would be to reduce the 
effective stroke about 8%, while a 2% clearance on the low 
pressure cylinder in which the absolute delivery pressure for 
the same final pressure would be 33*091bs. per square inch, 
would be about 2-6%. That, gentlemen, is a very con- 
siderable gain, for it must not be overlooked that whatever 
air passes through the first cylinder must pass through the 
second whatever the clearance spaces in the latter may be. 
There would, of course, be a drawback if the high pressure 
clearance spaces were excessive, for then the intermediate 
receiver pressure would be higher than desirable, with the 
result that the power expanded in the low pressure cylinder 
would be greater than the most economical amount. As will be 
seen from the calculation in the appendix the formula 

is made to satisfy the condition that the heat generated shall 
be a minimum, and that condition bears with it the further 
conditions : 

1st — That the amount of heat generated in each cylinder 

is equal. 
2nd — That the power expended in each cylinder is also 
equal. 
As an illustration of the difference of temperature in the two 
cases of simple and compound compression, it might be interest- 
ing to remark that with dry air, and with jacket cooling, the 
final temperature with 73*51bs. absolute pressure in the receiver 
would be 

while with the compound compression it would be 

/p\-23 

T = 621 (=rM = 175° F 



(r= 



T = 521 (=r") = 175° F. 



(If- 
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Probably the most important application of this principle is 
that which has been carried out in Paris, by Professor Biedler, 
on a very large scale. Every care is taken both with the valves 
and with the cooling arrangements, and the result is that the 
actual indicator diagrams of the air cylinders exceed the 
isothermal diagram by only 12 %, whereas the usual amount, 
even with first class compressors of the ordinary kind, is a 
waste of upwards of 40 %, that is to say the area of the actual 
diagram from the air cylinders is 40 % greater than the area 
which should be obtained if the compressors were perfect, and 
the compression isothermal. In the case of the Paris com- 
pressors the cooling is done by injection of water into the low 
pressure cylinder, after Oolladon*s method, then water is 
sprayed into the air during its travel through a plain cylindrical 
intermediate receiver, and in the high pressure cylinder again 
the same operation is performed. What this result means in 
such an installation as that at Paris, can easily be judged in 
the light of the following figures, which are taken from a short 
treatise by 'Professor Riedler, entitled **Neue Erfahrungen 
ueber die Kraftversorgung von Paris durch Druckluft.** 

The air is compressed to a gauge pressure of 6 atmospheres, = 
88*2 lbs. per square inch, and the performance of the Dubois- 
Fran9ois simple compressors was such that 800 cubic feet of 
air at atmospheric pressure and temperature could be delivered 
per hour into receivers, at 88'21bs. pressure, for the expenditure 
of one indicated horse-power in the steam cylinders. The 
Biedler Compound Compressors delivered, under the same con- 
ditions, 867 cubic feet of air measured at atmospheric pressure 
and temperature — ^a result 22 J % better for the same expenditure 
of fuel, &c. 

The reduction of the effect of the clearance spaces can be 
carried out in a variety of ways, though the principle is the 
same. Supposing the piston to be nearly approaching the 
end of its stroke, there will be on one side of the piston air in 
the clearance spaces at the receiver pressure, while the other 
side of the piston will only have, at most, the atmospheric pres- 
sure. Now, if the suction valves could be closed immediately 
before the end of the stroke, and a connection be made for a 



do TBAKSMI&SIOK OF t>OWEB BV COMPBEdSBD AIB. 

short time between the two sides of the piston, so that the 
high-pressure air in the clearance spaces coald flow into the 
suction side and be expanded down until there was an equilibrium 
on both sides, it is clear that the pressure in the suction side 
would rise above that of the atmosphere in proportion to the 
volume of the clearance, and a large proportion of the air from 
the clearance spaces would be entrapped and delivered on the 
return stroke. 

Various ways of arriving at such an end will suggest them- 
selves, but perhaps the simplest is to cut or cast short grooves 
at each end of the cylinder, of such a length as to allow the air 
from the idle spaces to pass behind the piston rings from one 
side to the other of the piston. By such means, and with 
ordinary pressures, the actual delivery of air can be made to reach 
in daily practice 95 % of the theoretical capacity of the pump, 
after the effect of the alteration of temperature has been allowed 
for, and the volume corrected to, say 60° F. Special stress 
should be laid upon the correction for temperature, because the 
results which can be produced by very bad compressors in 
getting up pressure in receivers are very startling until questions 
of increase of volume from high temperature receive due con- 
sideration. 

Automatic or self-acting suction and delivery valves seem to 
have been the rule from earliest times, but mechanical difiSculties, 
principally with delivery valves, convinced the writer some years 
ago that greater perfection was desirable, and a careful study of 
the problem led him to the conclusion that unless the valves 
could be governed at least during the closing period, a sufficiently 
large area of opening could not be attained. The outcome of this 
conclusion was a trial of an ordinary mushroom valve, opened by 
a cam, and prevented from closing too rapidly by the same cam. 
(See Plate 8.) This valve, though lifting fully one-quarter of 
the diameter of the seating, closes without the least noise and 
answers its purpose admirably. It will be understood that the 
valve is free to open of itself before the cam reaches the lifting 
lever, so as to suit lower pressures than the maximum. The 
delivery line of the indicator diagram can thus be made to 
coincide with the line of receiver pressure, and thus another 



TRANSMISSION OF POWER BY OOMPBESSBD AIB. 61 

fruitful source of loss is overcome ; while the results as regards 
durability will undoubtedly be good, owing to the quiet 
working of the valve. 

Professor Biedler appears to have come to a similar con- 
clusion as to the necessity for governing the action of the valves, 
for he provides means for manipulating both those for suction 
and those for delivery. His valves are provided with springs 
or other means for giving them a tendency to open, and when 
the proper time for closing has arrived, the mechanism closes 
them either by a direct action or by the application of a 
loading spring. Valve resistances are thus reduced to a 
minimum. (See Plate 9.) 

Having so far dealt with the compressor, it might be well to 
speak of its efficiency before proceeding to the next part of the 
subject. This course has one particular thing to recommend it, 
and that is its similarity to the coarse pursued almost invariably 
by electricians when dealing with a similar subject. From 
repeated tests it is known that the mechanical efficiency of an 
air compressor seldom falls below 87 % after a few weeks 
working, and a two-stage compressor can be relied upon to give 
an efficiency of compression of at least 86 % ; therefore, for 
every 100 1.H' developed in the steam cylinders, we can count 
upon getting the equivalent of 

— -rrjr — = 75 horse-power 

in the air when cooled to atmospheric temperature in the 
receiver. This is a reasonable working result with dry com- 
pressors. Better results have undoubtedly been reached in 
regular working, and better results still have been published, 
but it is very questionable if the latter could be produced if tests 
were made of reasonable duration by competent persons. 

For instance, it has been claimed that the Straight-Line 
Air Compressor has a mechanical efficiency of 95 %, and 
that the loss due to heat has been found to be in certain cases 
as low as 3*6 % ; but much depends upon the way in which the 
efficiency is calculated, and the number of indicator diagrams 
from which the average is taken. It is a significant fact that 
in almost all cases where it has been possible to measure the 
brake horse-power of a steam engine the efficiency has seldom 
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reached 90%, although 94 and 95% are hecoming common 
figures, when the estimate is based upon friction diagrams. 

Comparing the above efficiencies with those of the electrical 
method I think we may reasonably claim that the engine and 
shafting efficiencies will not be greatly different from 87 %, 
while the commercial efficiency of a dynamo seldom exceeds 
90 % ; the total efficiency therefore in this case will be this : 
that for every 100 H' indicated in the steam engine the corres- 
ponding electrical H^ at the terminals of the dynamo will be 

87 X 90 _.., 

— — — — = 78*8 horse-power, 

so that there is not a very material difference between the two 
systems so far. 

True it is that such a comparison could not have been made 
some years ago, but it should not be forgotten that progress 
is being made in all directions, and those who are engaged 
in one branch of engineering should be careful, when making 
comparisons, not to take the most modern results in their 
own branch and compare them with ten-year old results in 
another. Ten years ago it would have been a remarkable 
circumstance if an efficiency of 50 % could have been produced 
by an air compressor when measured in the manner just 
spoken of. 

So far, then, we have dealt with the compressor, and have 
given considerable attention to it because of the vital effect it 
has upon the economy of the system. 

The mains are the next subject for consideration and the 
cause of loss in them is two-fold. First there is the loss of air 
from escapes at joints and faulty places, or what might be 
called the loss from untightness. Second there is the loss from 
friction in the mains. 

As regards the first item, it depends very much upon the 
care taken in making the joints, but there is a great unanimity 
of opinion among writers on the subject that this loss in 
ordinary cases is very smaU. The question of jointing the 
pipes is so important that it seems almost incredible that 
mains should be laid in the ground and covered for good, when 
it was known that small leaks existed in almost every length. 
Yet, if current rumours are true, such was the case in at least 
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one very important installation. Gas engineers are fally 
aware of the great importance of making their mains tight and 
of the saving which resalts from having sound work in them, 
bat they experience considerable yearly loss on account of 
having to keep mains charged with gas throaghout the year, 
while for seven or eight months of the year comparatively little 
gas is being supplied. Under such conditions it is easy to 
see that a very small leakage soon becomes a perceptible 
per centage of the volume supplied, whereas, if the mains were 
delivering the full capacity throughout the whole time the 
leakage would be a vanishing quantity. Breakages also occur 
often due to the too rigid nature of the joints, which do not allow 
the pipes to give when any settlement of the ground takes 
place. Wljile the joint should be firm and tight, it should 
also possess considerable flexibility in any transverse direction, 
and the material used for making the joint should be yielding, 
yet not subject to deteriorate from contact with air. 

Flanged joints for any but service connections should not be 
used, though they are the simplest and tightest form of joint ; 
and the jointing material should not be indiarubber, unless of 
such a quality as to withstand the action of oil. The writer 
knows of several cases where great loss was experienced from 
leakage, owing to the rubber joint rings becoming softened by 
oil carried over with the air from the cylinders. 

The joint which appears to have given the greatest satisfac- 
tion in large installations is of the kind shown at Fig. 1, 
Plate 7, the rings being made of rubber specially prepared to 
resist the action of oil. This joint has considerable flexibility, 
and is easily made. All pipes of large size should be made of 
wrought iron or steel, and not of cast iron, because of the 
danger of breakages. 

The only considerable tests of the tightness of air mains are 
those carried out upon the Paris system, by Profs. Biedler and 
Gutermuth. They were able to test one length of 11*8 inch 
main 6*78 miles long, one length 10*66 miles long, and various 
shorter lengths, and their conclusion is that the leakage is very 
small. There were about 81 miles of mains laid at the time of the 
test. Taking average results from six tests of varying lengths, 
we find that there is a loss of about 4,100 cubic feet per mile 
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(taken at atmospheric yolume) or equal to 0*88 % of the total 
hourly volume supplied. This volume is given as 1,065,000 
cubic feet (reduced to atmospheric volume), but if that is so it 
seems reasonable to suppose that the main is supplied from 
both ends — the drawings appear to show this also —for if one 
main only supplied that volume the velocity would be over 
61 feet per second, which is much too high for economy. 
Assuming therefore that the main is designed to carry half that 
quantity, we should arrive at the result that the loss from 
leakage would be 0*76 % per mile of the total carrying capacity 
of the main. The ''load factor" of the installation is about 
40 % I believe ; that is to say the actual turnout for a year is 
40 % of what it would be if the whole of the plant worked at its 
maximum for every hour in the year. Consequently the yearly 
loss due to leakages would be practically 2 % per mile. 

With reasonable velocities — say up to 40 feet per second — 
of air through the mains the frictional loss is not great. It 
varies with the diameter of the main, the velocity of the flow 
and the co-efficient of friction, in the manner shown by the 
equation (due to Professor Unwin) in the appendix, and for a 
pipe one foot in diameter and a velocity of 40 feet per second, 
as a maximum, the loss of pressure in a five mile length would 
be about 25lbs., assuming the absolute initial pressure to be 
lOOlbs. per square inch. 

The final portion of our subject is that referring to the 
motors, and in dealing with it I cannot too firmly press upon 
you the importance of arranging these in such a way as to 
render possible the using of the air expansively. It has been 
the custom to use compressed air in the most expensive way, 
that is to say with practically no expansion. This custom arose 
from the well-known difficulty of the freezing up of the exhaust 
ports of the engine when considerable expansion was attempted, 
while with small grades of expansion such as that given with a 
cut-off at three-fourths of the stroke the difficulty was not great 
unless the weather was very cold and frosty. But if the com- 
pressed air is quite dry and is suddenly expanded firom, say 
lOOlbs. per square inch to atmospheric pressure, even by opening 
a valve in a pipe and blowing the air away into the atmosphere, 
quite sufficient cold is produced to cause freezing. In order 
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to make this clearer it will be necessary to consider the con- 
dition of the air before compression, during compression, and 
after expansion to atmospheric pressure. 

Consider then, the state of lib. weight of air before com- 
pression, that is at the atmospheric pressure and temperature 
which we will assume to be 14*7lbs. per square inch, and 
60° F. This air will occupy a volume of 13*09 cubic feet if 
dry, but if saturated with moisture the mixture will occupy 
12*9 cubic feet. It is a similar mixture with which we always 
have to deal, though as a rule the air is not perfectly saturated, 
but contains sufficient aqueous vapour to make 12*95 cubic 
feet weigh lib. In other words each pound of the mixture 
consists of 6,948 grains of air and 52 grains of aqueous vapour. 
The law of saturation is this: — That the same weight of 
vapour saturates the same space (providing the temperature 
is constant) irrespective of the pressure, so that when com- 
pression takes place water would be deposited if an increase 
in temperature did not occur. Supposing the mixture to be 
compressed into one-seventh of the space it originally occupied, 
the amount of water which would be deposited during 
isothermal compression would be 

^. . 5-77 X 12-96 ., ^^^ 

52 grams — = = 41*826 grams. 

But as the temperature is not constant during the compression, 
if any water is deposited near the commencement of the action 
it is rapidly re- absorbed as the temperature increases, for the 
weight of vapour which will saturate a space of one cubic foot 
at a temperature of 60° F. is 5*77 grains, whereas, if the 
temperature is 100° F. the weight of the vapour would bo 
19*48 grains. 

Now the effect of the presence of vapour in the air under 
compression is to reduce the final temperature, because the 
specific heat of the vapour is about 0*478 or double that of the 
air which is 0*2877, hence the compression of saturated air 
is slightly more economical than that of dry air. 

Assuming now that the pound of air mixture under observa<^ 
tion has been delivered into the mains at the final temperature 
of compression, we shall notice that it immediately begins to 
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cool from radiation and conduction through the material of the 
pipes, and it quickly arrives at a temperature at which it will 
be saturated. As soon as this point is reached any further 
fall will be accompanied by a deposition of water in the pipes, 
and when the atmospheric temperature is again reached 41*826 
grains of water will have been deposited. 

It frequently happens that this water is not separated from 
the air, but is carried forward along the mains to the motors, 
and under the old system of using the air without re-heating it 
is the fruitful cause of freezing up of passages when the tem- 
perature falls owing to the performance of work. Before 
following the air in its action upon the motor it will be well to 
point out that the whole of the power spent in compressing it 
has been dissipated into the atmosphere in the form of heat as 
soon as the temperature of the compressed air in the mains has 
fallen to the temperature of the atmosphere; for the total 
energy contained in one pound of air is the same at all pressures 
if the temperature is the same ; this is the reason why a fall 
of temperature takes place during expansion. 

When the compressed air is admitted to the cylinder of the 
motor a certain portion of the stroke is performed at full 
pressure, and the work so done causes no fall in temperature, 
for it is not drawn from the energy in the air, but is done by 
the compressor much in the same way as if the air between it 
and the motor were a solid rod. Gut-off now takes place and 
any further work must be done by expansion of the air, and 
the equivalent heat-energy will be drawn from the air and the 
moisture mixed with it. The effect of the moisture will now 
be to retard the fall of temperature, in the first place because 
of the difference in specific heats of itself and the air ; and, 
secondly, as soon as it commences to deposit in the form of 
water, from the latent heat necessary to hold it in the form 
of vapour. These actions have a very important effect upon 
the final exhaust temperature. 

The whole trouble of freezing has often been overcome by 
spraying a considerable quantity of water into the cylinders 
of motors which run at a speed where water can be used 
with safety. But freezing also occurs in such machines as 
direct acting pumps working with compressed air and having 
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practically no cnt-off at all. This is due to another cause of 
equal importance. Many books have been written in which 
the statement is made that if the air is used with practically 
DO expansion there will be no trouble from freezing. Such 
a statement is quite untrue when applied to all sizes of machines. 

The reason of the freezing is this. Take the case in which 
there is actually no expansion in the cylinder at all. When the 
exhaust port opens, the air inside and out will be at atmospheric 
temperature, but the air inside is at, say, 7 atmospheres pressure. 
Sudden expansion therefore occurs, and a great deal of work has 
to be done by the high pressure air in forcing the atmosphere 
back to make room for itself; the result is a considerable fall of 
temperature near the exhaust port, and if the size of the 
machine is considerable the temperature of the metal round 
the exhaust port will fall below the freezing point, and ice 
will form. 

In such cases the maximum efficiency of the whole trans- 
mission does not exceed 80 %, while it is much more usual to 
find an efficiency of 12 to 15 % ; and it is only in places where 
any form of heater would be dangerous, or where the amount of 
air required is very small, that such an arrangement should be 
used. 

To render the system highly economical it is necessary to use 
expansion, and to do so carries with it the other condition that 
heat in one way or another must be added to the air before, or 
during expansion, to make up for the work being done and to 
keep the temperature above the freezing point after exhaust. 
Heating the air previous to admission to engines which do not 
use it expansively is also of great benefit, and acts in two ways. 
In the first place the increased temperature causes an increase 
in the volume of the pressure air in direct proportion to the 
absolute temperature before and after heating ; and secondly, 
the heated air warms the cylinders and keeps them at such a 
temperature that efficient lubrication can be maintained. With- 
out heating the oil freezes and does not achieve its object, and 
glycerine, which is mostly used as a substitute, does not appear 
to be a good lubricant at low temperatures. 

With 'heated air there is, consequently, an increase in the 
mechanical efficiency of the motor amounting to from 10 to 15 %. 
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It is ajstonishing to witness the effect of heating air ever so little, 
say from 60° F. to 120° F., corresponding to an increase in volume 
from 1 to 1*11, or in the ratio of the absolute temperatures, 
= 520° : 680°. Supposing the motor to be fully loaded and 
running at the maximum speed it will attain under the load, 
the revolutions will immediately increase, and the machine will 
begin to run freely. An increase of 55 % in the volume of air 
supplied to a non-expansive motor can be made by heating the 
pressure air to 850° F., at which temperature there is no difficulty 
of lubrication ; this corresponds to a saving of 88^ % in the air 
used. The exhaust in such a case would be hot. 

Unless the heating could be done with a much smaller expen- 
diture of fuel than would be possible with steam machinery, it 
would be quite out of the question to propose it. The conditions, 
however, are so much more favourable to the air plant that the 
heating becomes a very inexpensive and simple matter. 

Air being a permanent gas, the whole of the heat applied to 
it is available for use again, because there is no change of state 
to be accomplished ; whereas, with steam only a small percen- 
tage of the heat employed for its production can be drawn upon 
for work, the remainder being used up in changing the state 
from water into steam. On account of low temperature of the 
inlet air, the products of combustion can also be cooled lower 
than in a boiler, and the stoves can be arranged on the counter- 
current principle, so that very efficient heating results. 

With good arrangements a quarter of a pound of coke burnt 
per hour per indicated horse-power is sufficient to heat the air 
required in a moderate ^ized expansive engine, and such a 
small matter as say 5lbs. of coke per hour for an engine 
indicating 20 H' is not of great consequence when it enables 
the efficiency of the whole system to reach 80 %, Even with 
an inlet temperature of 850 ° it is not always possible to work 
with a four-fold expansion in one cylinder, because of the low 
temperature of the exhaust ; the heating is therefore preferably 
carried out in two stages by using a compound engine, wherein 
the air can be re-heated in the intermediate receiver, after passing 
through the first cylinder and before enteri^g the last. The 
actual heating can be done in a variety of ways. For small 
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motors small cast-iron stoves are used, the body of whioh is 
formed of a doable wall leaving an annular space through 
which the air can pass in a thin layer, while inside, a small 
coke fire is kept burning. For larger sizes perhaps the best 
form is the tubular coil of pipes, protected from the fiercest 
direct beat of the fire, yet surrounded by the products of 
combustion on their way to the chimney. A heater, 2ft. 6in. 
diameter by 5fb. high, is ample for supplying a pair of cylinders 
18in. diameter by 18in. stroke, working with expansion but 
not compound. Coke is the most convenient and cleanest 
fdel to use. Other systems of heating can also be adopted, 
such as the placing of a lighted lamp in an enlargement 
of the main and allowing the products of combustion to be 
carried into the engine — this method is not suitable for any 
but continuous running machinery. Heating by passing a 
current of electricity through a resistance coil placed inside the 
pipe can also be done. 

Finally we can take advantage of the laws of saturation 
in order to increase the efficiency of our motor, by supplying 
steam or aqueous vapour to take the place of that which we 
condensed out of the air by compression, and which will be 
required again to re-saturate the air when expanded. In 
this way we are enabled to gain great economy without 
complication. 

Supposing that a small quantity of water is admitted to the 
air as it enters the heater, it will be turned to steam in the 
heater, and when expansion takes place in the engine the steam 
will give up heat to the air as required, until the whole of the 
steam is condensed into suspended moisture, though a great 
deal of it will be required to saturate the air when occupying the 
increased volume due to expansion. Very little water is required, 
on account of the considerable amount of heat set free when the 
steam condenses into water, thus giving up its latent heat. A 
regulated amount of water can be supplied by using a small 
tank with connections exactly similar to those of an ordinary 
drop-feed steam lubricator. 

^ The whole of the apparatus connected with the motor is of 
the simplest kind, requiring little attention, and easy to replace; 
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the motor itself is as simple as the commonest steam engine, 
and even more long-suffering ; if a joint gives out no one is 
scalded, and no damage is done ; the engine can be started at a 
moment's notice under full load, and the skill required is of 
such an elementary character that any person who can turn a 
valve handle in the right direction has sufficient for the purpose. 

In conclusion, gentlemen, I would point out the usefulness of 
this kind of power transmission for use in towns. 

With it every house could be supplied with electric light by 
means of its own dynamo, driven by the air motor, which is 
always ready to start. All users of power could proceed with 
their business without causing any smoke nuisance, and the 
exhaust air would not only assist in ventilating rooms, but 
could also be used in the summer as a means for cooling them, 
and in the winter as a means of warming. Meat could be 
preserved by the cold-air method, while power would be generated 
for other purposes in other departments. It could be used by 
the largest as well as by the smallest concerns ; for driving the 
factory or for turning a single sewing machine ; for hairdressers' 
brushes or dental drills ; for raising acids and cleaning carpets : 
for lifting the publican's beer, or blowing organs ; for high 
or low speeds ; for pneumatic despatch tubes and safety hoists, 
and for multitudes of uses which arise in everyday life. All 
these diverse deeds would be performed by a safe and cleanly 
servant without danger to life from its highest tension, 
with simple machinery of the everyday kind. In places wher^ 
danger from fire might arise the air could be used cold, and all 
danger would cease. In fact, for its universal adaptability, 
great simplicity, and high efficiency, it has few, if any, equals. 

The times in which we live are daily growing more exacting ; 
wages increase ; hours of labour diminish ; the sky must not 
be fouled by smoke, and the safety of the individual is 
paramount. Yet if we must prosper in the race of life we 
must surpass competitors in lands not yet so thickly populated 
whose people are contented with scant luxuries and little 
leisure; and without we avail ourselves of every means to 
facilitate our object we shall fail in the race. The centraliza- 
tion of the supply of our primary necessities as a manufactuiing 
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community seems to be the most urgent step at present, and 
when we have our water, gas, eleotrioity and power all 
brought to hand and working together to form a harmonious 
band of helpers, we shall see the unsightly factory chimney 
disappear, the domestic chimney will no longer vomit smoke, 
and the blue heavens wiU again become visible as they were 
before the advent of that great personage the nineteenth 
century Engineer, who has done miraculous deeds, both in 
spoiling the face of the country and in improving the lives of 
the people. 



DISCUSSION. 



Mr. Alvbed Saxon said the author seemed to think the cost 
of the system quite an indifferent question, but the first cost 
was a very important consideration. Whether they were to 
work it from a central station or not they must have a boiler 
and engines and complete compressing plant, and he thought 
the initial expense would operate against its general adoption. 
The system was no doubt a valuable one in certain cases, such 
as tunnel boring, but he would like the author to explain the 
failure of the Birmingham scheme. 

Mr GiLBEBT Lewis remarked that the subject was one of great 
interest, and one to which more attention might be given by 
engineers. It was exceedingly strange, however, how little 
engineers were acquainted with the operations of compressed air, 
and if any but an expert were asked to make a machine what a 
rude contrivance was the result. In compressed air there was 
undoubtedly a value which was not possessed by water, though 
he was firmly of opinion that, like other systems of power 
transmission, its applicability was limited. A great difficulty 
in air transmission was waste, as it was not seen like water, felt 
like electricity, nor detected like an escape of gas, but it passed 
away through small pores to such an enormous extent that, so 
far, public attempts to make an efficient scheme had been 
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practically uDsnocessfal. Especially was this the case with the 
most modem, namely, the Birmingham scheme, designed and 
introduced hy Mr. Sturgeon, to which he was surprised the 
author had not made more reference. In regard to this scheme 
it would be interesting to know the type of compressors adopted, 
the design of pipes used, and finally, to what principal cause 
the utter failure was due. 

He might say that one of the first schemes introduced to the 
public was the pneumatic railway in London, but in that case 
leakage could not be prevented, and it came to grief. Air, 
however, was especially valuable when used in mines for work- 
ing drilling machinery. He remembered some years ago 
designing a machine for getting coal. It was held by the man 
in his hands, and worked at the rate of 600 blows a minute, 
but unfortunately its effects on the man were unsatisfactory, 
and it had to be abandoned. The valves in that case were of 
a small cylindrical type and worked with an enormous velocity ; 
they were so arranged that the reciprocating piston passed ports 
in connection with the valve chamber, and became a valve to 
the valve. He thought he might claim this machine as being 
the very first percussion drilling machine driven by steam or air 
power. The principle of its valves has also been applied to direct 
acting pumping engines and other machines. He, at one time, 
made an air compressor on the principle of the water compressor, 
and it was supplied to Messrs. Andrew Enowles and Sons. 
Unfortunately it was impossible to keep the water cool and it 
became quite hot, and with the difficulty of this being highly 
charged with vapour and the freezing of the exhaust of the pump- 
ing engines, the result was far from satisfactory. The means 
adopted to overcome the freezing were extraordinary. In one 
instance lime was put in and the air passed over it, which, to a 
certain extent, took up the water, but it was limited in its action, 
as eventually the lime became saturated ; then, a long pipe was 
attached to the exhaust, but that practically throttled the latter. 
As far as he was concerned no successful result was ever arrived 
at in attempting to overcome the freezing of the exhaust air. 

Mr. Alex. Bea remarked that he could not refrain from 
expressing his appreciation of the careful and interesting 
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manner in which the author had laid his subject before the 
Association, He was afraid that his friend, Mr. A. Saxon, had 
hardly grasped the subject from the point of view intended by 
the author. The latter*s intention he thought was simply to 
bring into greater prominence the question of the utilization of 
compressed air, and to indicate that for certain mechanical 
purposes it was equally efficient and as applicable as electrical 
or hydraulic power. In no way, he imagined, could it be 
inferred from the author's remarks that compressed air was put 
forward as a substitute for steam. 

In the transmission of power by water or compressed air, 
the question of friction in the pipes was an important factor, 
the co-efficient of friction being in proportion to the distance 
conveyed and the velocity. It ought to be borne in mind that 
it required a unit of force, acting on a unit of mass for a unit of 
time, to produce a unit of velocity. Velocity therefore meant 
loss of pressure ; to minimise this the pipes for conveying should 
be of ample size; farther, sharp curves or bends should be 
avoided. It was important also that all openings from main 
pipes where the direction of flow was changed, should have 
truncated openings, as all fluids, gases, &c., flowed easier in the 
direction of least resistance. 

To get the greatest efficiency from water, air, &c., the pressure 
should not be spent in simply producing velocity in the main, 
which was a truism which only required mentioning. 

He quite coincided with the author that as the subject of 
compressed air became better understood, it would prominently 
take its position as an efficient system for the transmission of 
power, and although there might be defects in its present 
arrangements there was sufficient mechanical ability in the 
engineering world to eventually overcome them. 

Mr. B. J. H. Satebs expressed the opinion that the paper 
was a very valuable one and contained useful formula and hints 
for properly proportioning the important parts of an air com- 
pressor, and would be of great assistance to engineers when 
designing compressors and motors with the object of obtaming 
the most efficient results. 
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From his own experience of compressed air as a motive power 
for driving small motors and machinery, he stated that the 
economy was in favour of that system where the work required 
of the machines was intermittent, especially so when compared 
with belt and rope transmission, the driving friction and wear 
and tear being dispensed with ; and should the air-driven 
machines frequently pause in working, there would be no power 
absorbed, but stored in the air receivers for use in the machines 
when required ; in the case of belt and rope driven machines 
where the pauses are so frequent as to preclude the practice of 
throwing the belts out of action, some amount of power would 
be absorbed by them, and a consequent loss in economy. In 
cases where the machines travelled about in a similar manner 
to travelling cranes, or were situated for manufacturing reasons 
a great distance from the main source of power, the conveyance 
of compressed air in pipes to the motors offered distinct advan- 
tages over many other means of transmission of power, and the. 
comparatively low pressures of compressed air against the 
general high pressures of hydraulic systems, was also an advan- 
tage where portable pipes were used, the weight of the pipes 
being lighter, and less attention required for maintaining the 
efficiency of the joints. Comparisons had been made by some 
of the speakers between the transmisssion of power by com- 
pressed air and large steam engines employed direct— as in 
mills and large works where the power used is fairly constant, 
enabling the engines to be worked at a small cost for fuel ; it 
was well known that large engines of this type are far more 
economical than the average engines in small workshops, and 
therefore efficient air compressors at a central station would 
probably be able to supply power to small consumers to their 
advantage, if they adopted suitable motors, and heated the air 
immediately before use, as proposed by the author. He was 
aware that the author had made some interesting tests to verify 
his statements of the efficiency of compressed air when used for 
driving machinery peculiarly situated, as is the case in mines 
and places where steam and gas engines are not permissible, 
and a few figures indicating the results might be acceptable to 
the members. 
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Mr. Henbt Webb remarked that the question practically 
before them was, which was the most desirable way of using 
the source of all power, coal, namely by hydraulics, electricity 
or compressed air. To his mind, the latter method was the 
most expensive, and he should be glad if the author could give 
them some idea of its commercial efficiency. 

Mr. John West (Past President) said he had been studying 
the subject of compressed air for many years, and twelve years 
ago he introduced compressed air machinery for working the 
stoking machinery for drawing and charging gas retorts in the 
Manchester Corporation Gas Works. He might say that the first 
cost of the compressed air machine and the stoking apparatus 
combined adopted in the gas works was not so great as the 
hydraulic machine, and at the same time was more efficient. 
At that time, of course, the subject of compressed air was not 
so well understood as at the present day, the compressors and 
motors being now greatly improved. 

The author had undoubtedly dealt with the subject in a 
thoroughly practical manner, but he did not think he intended 
to set up the steam engine against either the hydraulic or 
compressed air machinery. If a steam engine could be directly 
applied, of course the adoption of steam would be the most 
economical, but the results were not so satisfactory where the 
power had to be transmitted through long distances. 

With special reference to the machinery for drawing and 
charging retorts, he might say that for this purpose he had used 
steam direct with boilers fixed on the machines, and had also 
transmitted the power by wire and cotton ropes. In the latter case 
some distance at each end of the house was required, and in many 
instances this necessity could not be obtained. He had also tried 
the gas engine, but latterly they had more frequently adopted the 
compressed air system. By this system they could carry the 
pipes about easily, and in fact, in a retort house say two or three 
hundred feet long it was simply necessary to lay a rail down the 
centre of the house, and the machinery would readily work 
from end to end of the house. In this case the application of 
compressed air was more economical than the hydraulic method, 
and at same time there was less wear and tear, which was an 
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important item. Under these conditions compressed air was 
very successful, and it was simply due to the fact that they 
were now working upon thoroughly scientific lines. As a proof 
of the economy in working these machines he wished to say that 
they had a plant at the South Metropolitan Gas Company's 
Works, London, consisting of 4 engines and coal breakers, and 
8 drawing and charging machines, and one air compressor like 
the one shewn on the photograph before them ; the fuel used in 
the boiler for working the whole of these machines was 3 yards or 
25 cwt. of coke screenings per 12 hours, which is sold at 1/6 per 
yard. As regards the failure of the Birmingham scheme for 
supplying the public, he might tell them that even before it was 
started it was utterly condemned by foreign experts as being 
desigiied contrary to scientific experience. The compressors 
were badly designed, the leakage in the main was extraordinarily 
excessive and the results were as anticipated. 

He was not alone in his advocacy of the adoption of 
compressed air where it was applicable as was evinced by 
a paper recently read before the Institution of Mechanical 
Engineers, by the Chief Engineer of Portsmouth dockyard, 
entitled ** Description of the lifting and hauling appliances in 
Portsmouth Dockyard,'' where, in the most modem part of the 
docks they had about 2^ miles of air pipes for working forty 
7 ton capstans, five 20 ton cranes, and machinery for working 
seven caissons and numerous penstocks, &c., &c. There had 
been no case of a receiver bursting during the last two years. 
There was also less trouble with air joints than with steam and 
hydraulic joints. Experiments made at these docks shewed that 
the relative economical values of the air and hydraulic systems 
when applied to capstans, were as 18 to 11 respectively, while the 
great balance of convenience was also in favour of the former ; in 
addition to which it was found that the wear and tear was much less 
in the air machinery than in the hydraulic, and moreover that 
the engines worked by air were less easily disarranged or put out 
of working order than those worked by water. Summing up the 
comparative advantages of hydraulic power, steam and compressed 
air, Mr. Comer says : ** Comparing, however, the various advan- 
'* tages possessed by the hydraulic and pneumatic system, the 
<< dockyard experience is greatly in favour of the latter. For a 
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« number of machines working with a certain amonnt of regularity, 
" perhaps the hydraulic system would be the better as regards 
*' economy, but with work like that in the dockyard, which 
" includes the use of a large number of machines spread about 
" at considerable distances from the source of power, and with 
'* extreme variations in the demands made on the power, it is 
*' found that the requirements are best and most economically 
'' met by the compressed air system." 

The subject was one indeed to which Enghshmen had not 
devoted as much attention as the foreigner, and hence the latter 
were considerably more conversant with it, but it was to be 
hoped that now the ready applicability of compressed air was 
demonstrated, it would be more widely adopted in England. 

The PBEsmENT (Mr. T. Daniels) asked if leather or lead 
answered the purpose for making joints ? Again, if the ordinary 
cone face, similar to that adopted for steam, was as equally 
efficient as any other for the valve facing ? Further, if the pipes, 
internally were subjected to much strain when the current of 
air was stopped. As regards the working of the valves, had 
they ever endeavoured to buffer them by the air itself? 

Mr. John Tatlob thought that the members could hardly 
fail to recognise that the author had rendered efficient services 
to them, by demonstrating in such an able and practical 
manner the facility with which compressed air could be adopted. 

Mr. E. Marshall enquired as to the adaptability of 
compressed air for running trams ? 

Mr. T. AsHBUBT (Past President) said Mr. Marshall's query 
recalled the fact to his memory that some years ago he had the 
privilege of seeing in Glasgow a tram car tried to be worked 
by air, but it turned out to be an utter failure. 

He should like the author to say if there was any possibility of 
trouble accruing by the leakage of air through the pores of the 
pipes, and if there was any limit to the pressure in that direction. 

He had pleasure in moving ** That the best thanks of the 
members be given to the author for his able and interesting 
paper." 
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The motion was seoonded by Mr. A. Saxon and carried with 
aoohimation. 

Mr. E. O. CoNSTANTiME in a commanication said that the 
perasal of the paper had given him much pleasure, and he must 
congratulate the author on the masterly and comprehensive 
manner in which he had treated the whole subject, pointing out 
the defects and causes of loss in the compressors and engines 
and the remedies for them. 

He confessed to having shared the common opinion that, 
although the use of compressed air had perhaps been the most 
suitable for some purposes, it would be best to avoid using this 
agent wherever possible on the ground of cost, but the author*s 
paper threw so much light on the subject that he should not 
be of that opinion any longer. 

He did not question the data given, but would ask the author 
whether the results he gave had been taken by himself from 
actual tests under ordinary working conditions, also by whom 
the improved compressors were made, and for what purposes 
the compressed air was used. It would also be very interesting 
to have the principal dimensions of the compressors and 
engines. 

They were all aware of the disastrous ending of a large 
Compressed Air Scheme in one of our provincial towns, and 
any information as to the reasons of this failure would be 
instructive. 

As most of the Members probably knew the Popp Compressed 
Air system of Paris had been working for some years, but 
whether it was a financial success as far as the shareholders 
were concerned he was unable to say. 

In 1889 he had an opportunity of witnessing some of the 
uses which the air was put to, and was favourably impressed. 
At that time there were about 40 miles of mains laid, and the 
air was utilised to drive nearly 8,000 W. It was supplied 
at the rate of 1^ centimes per cubic metre (reduced to 
atmospheric pressure) or say lOd. per 2,350 cubic feet of air. 
The purposes for which it was utilised were exceedingly 
various, and included driving motors for working sewing 
machines and engines of 100 H' ; driving pneumatic clocks ; 



DicknissioN. 79 

shifting wine from one cask to another ; raising water to the 
tops of houses ; emptying oess-pools ; ringing pneumatic bells ; 
blowing whistles; ventilating and cooling rooms; working 
lifts, shearing metals and many other purposes. 

Compressed air was also used on a large scale at the great 
steel works at Temi in Italy, where 1,500 H^ was used in 
compressing the air which was required for working cranes and 
other machines, including a 100*ton hammer. 

There was no doubt a large opening for the use of compressed 
air when it was once understood that this agent could be 
produced and used economically, for it certainly possessed 
important advantages in cleanliness, safety, Ac. 

He should like to place on record his thanks to the author for 
so ably introducing and treating this subject, which was one on 
which reliable information as to results in our own country had 
been somewhat difficult to obtain. 

Mr. William Oabteb in a Communication said in regard 
to the statement in the paper that Hydraulic power was not 
suitable for high speeds, he thought it might be of interest to 
the meeting to know that his ^Company had recently fixed 
in London, on the mains of The Hydraulic Power Company, 
two high speed ^'Pelton*' Motors, which were running at 
1,660 revolutions per minute ; one was driving a dynamo, and 
the other a centrifdgal ore separator. These two motors were 
18in. in diameter, and would give o£F 10 H' effective. A 12in. 
motor with water at TOOlbs. per square inch will run at 2,480 
revolutions per minute and a 24in. at 1,240 revolutions. As 
these motors had a high efficiency they were very economical. 

From the foregoing facts he thought it would be evident that 
hydraulic power was capable of driving machinery running at 
the highest speeds. 

Mr. John Sturgeon, Chief Engineer of the Birmingham Com- 
pressed Air Power Co., in response to the author's request, 
submitted the following communication : — 

" I am glad of the opportunity of saying a few words as to 
the cause of the breakdown of the Birmingham Compressed Air 
Power imdertaking, as to which, I understand, some remarks 

*The Hydraolio Engineering Company, Chester. 
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were made daring the discussion, report of which I have not 
seen. 

In the first place, the Birmingham work was undertaken with 
insufficient capital, k. large sum was expended in legal, 
parhamentary, and promoting expenses. The cost of land, 
railway siding, retaining walls, and other necessary preliminary 
outlay also absorbed a considerable sum, and the working plant 
had to be limited to half the amount with which it had been 
intended to make a start. What I may term the dead capital 
outlay consequently bore double the proportion to the earning 
power of the working plant that it should have done. This 
shortness of capital also prevented the directors from ei^tending 
the air mains into the most profitable districts. Thus instead 
of starting with 6,000 £P and 7 miles of mains as intended, 
we had to cut down the plant to 8,000 B? and 4 miles of 
mains. It was hoped that when the public saw a start made 
further subscriptions would come in — but this hope was not 
realized, and in every part of the works there was pinching and 
saving, dispensing with many essentials to economical working, 
and postponement of necessary improvements. I should like to 
have given your Society more details as to what we had to put 
up with, but to do so would form a paper of itself. Under such 
conditions the management expenses and general establishment 
charges were too much for the productive capacity of the works, 
being the same for the 8,000 £P and 4 miles of mains as they 
would have been for the 6,000 E? and 7 miles of mains. These 
management expenses were very heavy, the directors' fees alone 
being at the first £1,200 a year. 

When the company were in a position to commence delivering 
air, they began by taking on customers at very low rates, in 
order to give the business a start. After they had begun to 
make more headway they were unwilling to raise the rates of 
their earlier customers, lest they should lose them, and thus 
discourage others from coming on. Thus, although they had 
many customers paying 6d., 8d., 1/-, and even as much as 6/- 
per unit of 1,000 cubic feet, yet the unremunerative rates of the 
earlier ones — some of whom paid as low as Ijd. per 1,000 — 
pulled the average rate down to about 8id. per 1,000. It was, 
however, creeping up, and had the company been able to hold 
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out until it reached 5d.y they would have been earning a small 
profit, even under the adverse conditions I have described. 

This brings me to what I consider the main cause of the 
failure, viz.: the leakage in the air mains. The corporation, 
acting under the advice of Sir Frederick Bramwell, set aside 
our original specification for the air mains, and required us to 
use gas welded air mains in accordance with a specification 
furnished by them, and these mains were laid imder the direct 
superintendence of the corporation officials. The ends of these 
gas welded pipes were very much out of truth, being neither 
cylindrical nor of equal gauge, so that the compressed rubber 
ring joints could not be applied to them. Eventually they 
applied collar joints with lead caulking, of a form known as the 
Kimberley joint, thus : — 




Even with this joint the pipes were so uneven that there 
were often thick and thin places in the lead, varying as much as 
half an inch. At first these joints stood fairly well, with a 
leakage of about 8 % — ^but this gradually increased until it 
reached 8 %. After that the larger joints on the 2ft. pipes 
began giving way, one after the other, the lead being squirted 
out by the continuous pressure behind — until at last the leakage 
amounted to 45 %, or nearly half the entire air supply. To 
make headway against this excessive leakage the engines were 
run harder, and the reserve engine brought into constant use. 
Breakdowns became more and more firequent, and the boilers 
were overworked and could not be cleaned regularly. There 
was no money available to make headway with the repairs, 
which became excessive, nor to make necessary alterations and 
improvements. I did my best to resuscitate the concern, but 
it would have cost J610,000 to alter the air mains, repair the 
mischief done, and bring the company into a paying position, 
and the money could not be raised. The end could no longer 
be postponed, and after about four years of working, the 
company went into liquidation. 
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Although the insufficiency of capital, and the working at un- 
remunerative rates at the commencement created difficulties, 
and made progress very slow and very uphill, all this might 
have been got over in time, and the Company ultimately 
attained a flourishing position. Indeed the show it made in 
spite of drawbacks which would have astonished the members 
of your Society, furnished proof in itself of the soundness of the 
principle on which it was based. The direct cause of the fiasco 
was the unfortunate selection of gas welded wrought-iron pipes 
with lead caulked collar joints — in opposition to the views of 
myself and my colleague, Professor Robinson. I will only add 
that we never gave our final certificate for the work, and that 
the contract had to be ultimately discharged by mutual agree- 
ment between the directors and the contractors. We always 
repudiated any responsibility for the air mains, and at the 
Leeds meeting of the British Association in 1890 I took the 
opportunity of publicly saying so, although at that time the 
mains were working fairly well. I send you report of my 
remarks on that occasion, which you will find at page 19 in the 
pamphlet by Professor Lupton." 

Mr. W. J. Jenkins, in replying, after thanking the members 
for their kind reception of the ' paper, and for the thanks they 
had given him, pointed out to Mr. Saxon that the object of the 
paper was not to point out a way of superseding the large indi- 
vidual power plants of such businesses as the cotton mills of 
Lancashire, where the best engines and boilers could be used in 
a direct way, and where the power could be produced as 
economically as in a central station and without the cost of 
conversion ; but to indicate a means for cheapening and bettering 
the power supplied to a vast number of small concerns, where 
small boilers and wasteful engines were now used at great 
expense, and with much production of smoke. Li every town 
there were great numbers of industries using from one-eighth 
to 100 indicated horse power ; the greater portion of them were 
purely town industries, and could not migrate, like the larger 
works and mills did, into outlying districts. In many of such 
small concerns the first cost of a boiler and engine was a great 
item, but the constant care and attention, and the labour of 
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feeding fdel to the boiler were out of all proportion to the restQts 
prodnoed. Besides that, there were scores of industries using 
power, or which could use power advantageously, where it would 
be quite impossible to instal engines and boilers, or even gas 
engines, but where an air engine would not only cost far less 
at first, but could also be placed in any corner out of the way. 
[ It bad been his original intention to point out the particular 

advantages of the Central Station system, but Mr. Thwaite had 
already done that portion so admirably in his *paper recently 
read before the Association that the writer thought it unneces* 
sary to go over the same ground again. 

Referring to the Birmingham scheme he said that he had no 
knowledge of it in any way except what he had gathered from 
friends, and from foreign Uterature on the particular subject. 
He understood, however, that the firms who used the air in 
Birmingham were well satisfied with it, and that so far as its 
mechanical success was concerned that was perfect, and many 
of the users would gladly have paid more for it than for its 
equivalent power generated on their own premises, on account 
of its greater convenience and the small amount of attention 
required. It was a singular fact that several foreign authorities 
had been to see the Birmingham plant, and had expressed their 
opinion of its working as being unfavourable to success. In the 
first place they pointed out that a very large capital had been 
spent in producing very little power ; and that less advantage 
had been taken of recent improvements than would have been 
the case on the continent ; and that the class of consumers 
supplied was not of the right sort, being generally users of con- 
siderable power, who had space and means to make use of steam 
power on a sufficiently large scale to pay them ; consequently 
the price to be obtained for the air was low. 

In reply to Mr. Lewis he said that he quite agreed with him 
as to the rude contrivances turned out by eminent firms, and 
called compressed air machinery, and much of the prejudice 
against the system was due to that one fact. As regarded the 
leakage he must differ from Mr. Lewis, if ordinary care was 
taken at first to test the mains ; his experience had been that 
the loss, where iron mains were used and due care taken at first, 

* See Thwaite on Eleotiioftl Transmission of Power from Goal Fields. Transactions, 1898. 
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was very little indeed, and that opinion was borne out by 
authorities in all parts of the world. The pneumatic railway to 
which Mr. Lewis referred was not a compressed air plant at all, 
but acted by the reverse method. A partial vacuum was pro- 
duced in a pipe line, and the action of the atmospheric pressure 
forced a piston along ; the piston was attached to the carriages 
and there was a kind of flap valve the whole length of the pipe — 
miles upon miles long — and the piston where attached to the 
carriage ploughed the flap open as it passed along. He had 
seen scores of schemes tried to prevent freezing, but none were 
truly successful that did not heat the air immediately before 
admission to the motor in one way or other. In certain cases 
where the compressor drove only one motor, it was possible to 
return the air back to the compressor after exhaust, and then 
by the use of water traps and snow boxes it was possible to dry 
the air to such an extent that freezing did not result, there 
being practically no moisture to freeze. 

He was glad of Mr. Gonstantine^s contribution to the discus- 
sion, because he had pointed out some uses to which compressed 
air was actually put in Paris. He believed that the Popp system 
was a success a little while ago, and they had gradually crept 
up from a few horse-power to something about 12,000, and that 
spoke much for the usefulness of the scheme to the Parisians. 
The figures he had given in the paper were the jesults of his 
own tests so far as they applied to the compressors and motors. 

In reply to Mr. Webb he would say that each of the systems 
had its particular usefulness ; that the production of the 
secondary power after the steam had been produced was in the 
order : electricity, compressed air, hydraulic, but beyond that it 
was necessary to know all the conditions. For slow-moving, 
heavily-loaded ^machinery hydraulic power was most efficient, 
for high speeds and continuous loads electricity might have the 
advantage, and compressed air came between them, being more 
efficient than either in some cases, and less efficient than one or 
other in other cases. It had always struck him that the 
electrical method was well adapted for mining work where there 
was no danger from gases, for their could be no two opinions as 
to the convenience of electrical conductors in the winding shafts 
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as compared with pipes. Yet where there was a danger of 
explosion from, sparking, the compressed air came in and was 
as safe as any method could be. 

In reply to the President's question he said that for high 
pressures, lead and even copper joint rings had been used with 
marked success, but for ordinary pressures they were not required. 
The ordinary cone-faced valve was as good for air as for steam, 
when used vertically, but flat-faced valves were often used when 
they lay in a horizontal position, because they allowed better 
for downwards wear. On account of its elasticity and lightness 
there was practically no alteration in pressure in the mains 
when the air was suddenly stopped. Velocities of over 100 feet 
per second were not uncommon with air, whereas with water 
the maximum was kept as near 5 feet per second as possible, for 
fear of bursting the mains from the sudden shock of stopping 
the flow. Air had been used for buffering the delivery valves 
times out of number, and almost every other conceivable device 
had been tried, but the whole system of buffering was wrong 
in principle, and quite needless if the valves were properly 
moved by power. 

Mr. Mabshall asked whether tram cars could be run with 
compressed air. Several systems had been experimented with 
in England and Scotland, but none had succeeded. The only 
successful compressed air tram car was that of M. Mekarski, 
which was used at Paris and Berne, the pressure being about 
450 lbs. per square inch. 
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The following oalculations have been collected together in 
the form of an appendix, because they will be more asefdl for 
reference and as an assistance in study than for discussion : — 

Let Po represent the absolute pressure, in pounds per square 
foot, of air in its initial state. 

Let Yo represent the corresponding volume, in cubic feet^ 
occupied by one pound weight of the air. 

Let Tq represent its temperature on the absolute scale, that is 
its temperature (^) on the Fahrenheit scale plus 46P 
or To = (t' + 461). 

Let Pj Vi Tj be the corresponding quantities under other 
conditions of pressure, volume, or temperature. If 
further sets of similar quantities are used they will be 
distinguished by other suffixes, 2, 8, 4, &c. 

Then the equation' connecting the quantities Pq, Vq and Tq can 

be written thus: — 

P V 

T"^ A* ••• .«• ••• ••• \^/ 



B being a constant quantity. 

Therefore Po Vo = R To (2) 

and Pi Vi = R T^ 
assuming that the temperature is the same in the two cases, 
then To = T^ 
and Po Vo = Pi Vi (8) 

One pound weight of dry air occupies a volume of 18*09 
cubic feet when the temperature is 60° F. [ = (60+461) = 621° 
absolute] and under the pressure of the atmosphere, usually 
taken as 14*7lbs. per square inch, or 2,116*81bs. per square 
foot. Therefore, for one pound of air, which is the invariable 
unit, and the easiest to deal with on that account, 

P^ Vo = 2,116-8 X 1809 = 27,709 foot-pounds ... (4) 
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But from equation (1) 

= R /. R = "-^^ = 58-18 foot-poundg... (6) 



PoVo „ . « 27,709 



To •• 521 

Supposing for the present purpose that no change of state 

would occur during the process of cooling air down to absolute 

zero temperature, then the volume occupied would be extremely 

small. Conceive this minute volume of air, weighing one 

pound, to be enclosed in a cylinder, fitted with a piston, one 

square foot in area, and 18 09 feet length of stroke. The top 

side of the piston is in contact with the atmosphere, therefore 

the downward pressure is 2,116*8lbs. Let heat now be added 

until the temperature is 521^, or 60° F., then the volume will 

be 18*09 cubic feet, and the weight of the atmosphere upon the 

piston will have been raised 18*09 feet, that is 

2,116*8 X 18-09 = 27,709 foot-pounds 

of work will have been done upon the atmosphere, while the 

absolute temperature of the air has been increased 521°, hence 

the 58*18 foot-pounds (equation 5) represent the amount of 

work done by air in expanding against a constant pressure, 

while the temperature is raised 1°. 

The specific heat of air at constant pressure is 0*2877 = Sp, 

say, or to express this quantity in dynamical units : — 

0*2877 X 772 = 188*6 foot-pounds, 

consequently the total energy spent in raising the temperature 

of one pound of air in the cylinder from absolute zero to T^^, and 

in doing work upon the atmosphere is : — 

521° X 188*5 = 95,608 foot-pounds, (6) 

but 27,709 foot-pounds have been spent on the atmosphere, 

therefore the energy spent on the air in the cylinder alone is : — 

95,608 - 27,709 = 67,894 foot-pounds, 

67 894 
^^^ * rni = 180*8 foot-pounds, 

or ^~- = 01688 = S, 

8v being the specific heat at constant volume. 

To estimate the number of units of heat required to raise the 
temperature of W pounds of air through ^ degrees F. on its 
way to a motor, use Sp, that is W x ^ X 0*2877. But when 
the question is to calculate the units required to increase, by 
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means of heat, the pressure in a receiver of definite capacity 
from Pj to Pa, use B^. 

From equation (8) it is clear that so long as the temperature 
is the same the amount of energy contained in a pound of air 
is the same, no matter what the pressure may be. It follows, 
therefore, that the whole of the work spent by a steam engine 
or other prime mover in compressing air is lost as soon as the 
temperature, after compression, has fallen to that before 
compression, and this is generally what occurs. But before 
compression no expansion is possible, whereas the greater the 
compression the greater is the possible expansion, and the 
greater the intrinsic energy that can be abstracted. This is 
sometimes spoken of as a drawback to the use of compressed 
air, but unjustly, for exactly the same thing occurs with the 
hydraulic system. For instance, the whole power of the engine 
is spent in placing the load, of the accumulator in a position to 
do work by falling from one point to another. In both cases 
work is spent in order to obtain what may be called a potential. 

a 

The ratio ^is generally represented by the letter y, or : — 

|p = y = 1-408 

Or 

also y - 1 = 0-408 • 

also -^^ = 8-461 

y - 1 

also 5L:^ = 0-29 

7 
To find what proportion of the total energy contained in air 

and due to its state it is theoretically possible to obtain, we 

calculate what energy it contains before expansion, and subtract 

what it contains afterwards, thus : — 

96,608 - 96,608 (f ) ^ 

the result gives the ft. lbs. of energy available for external work 
by expanding down to atmospheric pressure. 

To calculate the power required to compress and deliver one 
pound of air in an ideal cylinder without clearances, with 
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perfect valves and made of a conducting material which will 
allow all heat generated by the compression to pass away as 
quickly as it is formed so that the compression is isothermal, 
we proceed thus : — 

b 




H 



^ 



The line ag is the atmospheric line, df absolute zero of 
pressure. The work to be done consists of two parts, first the 
compression, represented by the area dahc^ then the delivery 
represented by the area chefi and since the atmospheric 
pressure assists in one stroke as much as it opposes in the other 
the area dagf must be deducted from the former sum to get 
the net work. 

From equation 8 we have the general expression P Vq = P Yi 



hence 



V 
p _ p JLo 

i-l - n y ^ 



therefore when the volume is V^ the pressure is : — 

P - p Xl 

Making the usual assumption that for any very small portion 
of the stroke the pressure remains constant and equal to the 
mean pressure through the small movement, the work done by 
the piston while it moves through the small portion, d v, of the 
stroke will be represented by the product of the pressure at that 
point by the distance d v, and the area of the piston, which 
will be taken at one square foot. Let w » the work done 
during one of these small 'intervals. 
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Therefore the work «^ = P, e? t; 



but P, = Po^* 



thus w = 'BqYo^^ (7) 



Assume now that V, varies between the limits Vq and Vi then 
the area d. a. b. c. will be equal to the sum of all the small 
areas P^ dv. 

To find this sum we must integrate (7), and if W is the sum 
of all the small portions Wy we have : — 

/•VO 
W = Po Vo 



/dv 



W = Po Vo (hyp. log. Vo- hyp. log. V^) 

W = Po Vo hyp. log. ^^ 

P 
This can also be written Po Vo hyp. log. ^^ 

because ^ = =p 

Add to this the area c. h. e. /• = P^ Vi and deduct the area 
d, a. g, f. = Po Vo and we have 

Wi = Po Vo hyp. log. S: + P, Vi - Po Vo 

but Pi Vi = Po Vo from (8) 

p 
therefore Wi = Pq Vo hyp. log. :^ 

or using common instead of hyperbolic log^^iti^ms :- 

Wi = Po Vo X 2-8026 log. ^ 

Since Po Vo = B To this expression can also be written :— 

Wi = 58-18 X To X 2-8026 log. ^ (8) 

To give some idea of the energy required to compress lib. of 
air isothermally, take the temperature as the standard 60^ F. 
and let the final pressure be OOlbs. per square inch on the 
gauge, then 

Wi = 27,709 X 2-8026 x log. j^ = 45,044 foot-pounds. 

If the temperature is not the standard, 60° F., the other 
formula (8) is more convenient. 
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This oaloulation shows the least power that will do the work, 
and may be taken as a standard to compare the aoioal practical 
compressor with. 

Now suppose that, instead of compressing the air in a 
perfectly conducting cylinder, we do it in a cylinder which will 
permit no heat to escape either inwards or outwards, then not 
only will the pressure and volume vary but the temperature 
will also vary. In such a case the compression is adiabatic, 
and the relation between the three quantities is as follows : — 



xoVq — iriVj 



T» 



y-1 

- '■ t) ' 

y-l 



(9) 



(10) 



V, is used instead of V^ to show that the volume is different, 
though the pressure is the same as in the previous case. 

To find the power required to compress and deliver one pound 
of air, we proceed somewhat as before : — 

b 




— -V£. 



Find the area d. a. h. c. — Wi 

then Wi = / Pj d t? 

From (9) P, = Po-^ 
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w. 






or 
and by redncing 

W, 



»r 1 In 

L(7 - 1) V. (r - 1) V, J 



y y 

and remembering that PoVq = PiVj we have by substituting: — 

y — 1 ^ ' 

To this mast be added the area c. b. e.f. = P, Y,, and the area 
d. a. g.f. most be dedacted as before. 



W, = ^^^ — ^' + P, V, - P.V. 



Beduoing W, = -^ (P, V, - P, V.) 



therefore 



P:' 



or 



w. = ,-^p.v.[(p;) ^ -i] ... m 

7 — 1 
P.V.[(^^ -l] - (18) 



7-1 



Putting in the numerical values for 60° F., 

i'4oe— 1 

= 8-451 X 27,709 [(^')*"'- l] 
For different initial temperatures 

W, -3-461 X T,x 68-18 r^^)**-!"] ... (14) 



APPENDIX. 98 

Almost all actual compressors are provided with some means 
for cooling the air by abstracting the heat as it is formed ; 
generally this is done by means of a water jacket, and in snch 
oases 7 may be taken to be altered in these equations from 
1*408 to 1*8, in which case 

W, = 4*888 X 27,709 [(|-')'*- l] 

Substituting the values for 60^ F. and 60Ibs. per square inch 
gauge pressure, we find 

W, = 4*888 X 27,709 [(tt!^)''"-!] = ^^»^® foot-pounds. 

/74*7\^ 
To find the value of [jj^) ^ise logarithms thus: — let 

the value be x, then 

log. X = 0-28 log. r^) = 0-23 log. 6*08 

log. X = 0*28 X -706 = 16288 
and X = 1*468. 

If the suction valve springs are too strong, so that there is a 
slight difference of pressure between the external and internal 
pressures during the suction stroke, a considerable loss of power 
is the result. This can be seen from equation (12), for the 
amount outside the brackets does not alter, PoYq being constant 
for the same temperature, but the factor involving Pq inside the 
brackets varies as a power of the ratio of the pressures. Suppose 
a difference of lib. per square inch to exist on the suction 
stroke between the atmospheric pressure and that inside the 
cylinder, then in compressing and delivering at GOlbs. gauge 
pressure the work required per lb. of air would be 

4*888 X 27,709 [(jl!!)^^-!] = 67,270 foot-pounds, 
a result over 5 per cent, greater than before. 

The air should always be taken in as cold as possible, and if 
the engine room is ill-ventilated and hot, it is better to draw 
the air solely from the outside where it is cold. By using 
equation (14) the loss can be estimated. Let the air be drawn 
fiom the engine room which is at 80° F., the outside air in which 
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the receiver is placed being at 60^ F., then for the air being used 

B To = 58-18 X (461 + 80°) = 28,770 foot-pounds, 
and the work is : — 

4-888 X 28,770 \ (^i) -^l = ^^'^''^ foot-pounds, 
a result over four per cent, greater than before. 

To find the relation which should exist in a two-stage com- 
pressor between the pressures in the intermediate receiver, 
the final reservoir, and the atmosphere : — 

Let Po be the atmospheric pressure. 
„ Pi be the intermediate pressure. 
„ P, be the final pressure. 
Then the work done in the low pressure cylinder will be — from 
equation 12 : — y — 1 

Ua = ^lPoV,[(D y -l] ... (15) 

Supposing now that the cooling is so arranged that the air 
reaches the high pressure cylinder at the original t;emperature, 
then the work done in the high pressure cylinder will be 

y-i 

U. = ^P.V.[(|) ^ -l] ... (16) 

and the sum of these will be the total work. 

The only variable' portion of this sum will be the term 

y — 1 y — 1 



© ' * © 



and since Pq and P, are fixed P^ is the only variable, and by 
making use of the difierential calculus to find what value of 
Pj will make this expression a minimum, it will be found that 

Pi = i/T^Pj (17) 

Substituting this value for P^ in the above equations it will be 
seen that they become equal, and consequently the same 
relationship not only makes the power spent a minimum under 
the conditions, but also causes the power spent in each cylinder 
to be equal; and since the ratio of the pressures in each 
cylinder are the same it follows from equation (10) that the final 
temperatures in each cylinder will also be the same. 
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QneBtiona as to the effect o! the clearaiice spaces often arise 
in actaal designing, and though it is oommonly known that no 
loss of power results from reaBonable spaces yet no proof is 
asnally given. It might therefore be aseful to indicate in ito 
simplest form how snch a proof can be arrived at. Consider, 
therefore, the oase of isothermal compression in a cylinder 
having clearance spaces. 
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Let the piston be one square foot in area, then the working 
volume, whioh is equal to the area multiplied by the stroke in 
feet, may be represented by a the length of stroke ; and b in 
feet will be the clearance volnme. The actnal volnme being 
compressed should in all cases be dealt with, therefore the 
volume of the cleanuace should be added and that of the piston 
rod, where ope exists, should be deducted. To set oat a 
diagram of work done upon the air in a cylinder of volnme a, 
in the first place without clearance and secondly with clearance 
proceed in the following manner. Divide the stroke into n 

eqttal parts then the volume of each part would be - hence 

the pressure at the first division would be obtained from the 
formula : — 

,.. (18) 

... (19) 



p.a.p.(«-:) ., 

\-ir) "- 



.■. p, . <• 



&t the 8«ccuid di^ioD it would b 



and so on for each. 



1 
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With clearance h formula (18) would be altered to 

Po(a + 6) = P.[(a + 6)-^] 

•'' ' a n{a-¥b)-a 



a + 6 — 



n 



• • • • • • 



(21) 



and at the second it would be 

_ n Pq (g -t- b) 

" n{a -^b) —^a 
Now expression (21) is always less than (20), consequently 
the curves would be as below : — 



^ f. ^ 




a.-t'b''^ - -*• -— - — 



and the distance {x) between them for the same pressure P, 
would be 



X 



-<"+"('-D-»('-i)-»('-t) 



so the reduction of the delivery part of the stroke is always a 
fraction less than^e clearance b and the greater the ratio of 
the final to the initial pressure the nearer does the reduction 
approach b. 

The following relations also hold 

P,(a + 6) = P,(/ + &) ... y^ P.(«+^)-P»ft (a2) 
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and with no clearance 

Poa = PiA .-. /i=^ - (28) 

/and/i being the respective volames delivered in the two cases. 
From equation 8 the power to compress and deliver the 
volume/ of air is 

Po (a + b) hyp. log. 1^- b (Pi - Po) ... (24) 

The power to compress and deliver fi is 

p 
Po a hyp. log. p^ 

when there is no clearance. The difTerence in the two cases is 

Po (a + b) hyp. log. ?1 - 6 (P, - P,) - Pott hyp. log. § 

•to -"^o 

which is: — 

p. b (hyp. log. I' - I' + 1) 

io Aq 

against the compressor with clearance. 

Now consider the next stroke, that is the suction stroke while 
the piston is returning. Without clearance the suction valves 
would open immediately and the volume sucked in would be 
the volume a. But with clearance the following effects are 
caused. First. Volume b of air at pressure P^ contained in 
the clearance space would expand behind the piston and would 
do work upon it to the amount : — 

P, b (hyp. log. ^^) _ P, 6 (I - l) ... (26) 

The pressure would fall as the piston continued its motion, and 
when it had passed through a volume : — 



(I: - 



the suction valves would open because the internal pressure 
would then have reached that of the atmosphere. The actual 
volume sucked in would consequently be : — 

• - ' ii -•) 

p 
and if this expression be multiplied by-p^ which is the ratio of 

compression it gives the same expression for / as that given in 
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equation 22, viz. : 

Finally, it has been shewn that power to the amount given by 
equation (24) is being expended during the compression stroke, 
and the amount given by equation (25) would be given back on 
the return stroke, therefore the net power is 

P, (a + 6) hyp. log. 1^-6 (P,-P.)^ [p, h hyp. log. ^'-P, ^(^-l)] 

P P 

= Po (a + h) hyp. log. =;■* - Pj 6 hyp. log. ^ 

If the clearance space causes no loss of power we ought to 
find that the volume of air delivered, divided by the power 
required to deliver it, should be equal in the two cases, or 



Po(a + 6)-Pi& 
Pi 






Pi 



p p "~ p 

Po (a + h) hyp. log.-^ - P^ 6 hyp. log. ^ Po a hyp. log. -^ 

and by reducing they will be found to be equal. 

Beferring to page (60) of the paper a method is there de- 
scribed for reducing the effect of the clearance spaces by means 
of a by-pass whereby a connection is established between the 
two sides of the piston at each end of the stroke just before the 
piston comes to rest so that some of the air in the clearance 
spaces on the pressure side of the piston expands into the 
suction space and is delivered during the next stroke. The 
diagram would be as below : — 
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Let a B the working volame as before. 
f, b = the clearance at each end. 

„ c « the amount the delivery portion of the working 
stroke is shortened at each end by the opening 
of the by-pass passages. 
,, P, s the pressure after equilibrium. 
f» /a = delivery volume. 
Then P, (a + 26) « P^ (6 + c) + P^ (a + & - c) 

. p _ Pi (fe + c) + Pq (g + 6 - c) 

and /, = P«(^ + fe-o)"Pi(& + g) 

eliminating Pt we have 

/ = ^ijb + c) + T,(a + b- c) (a + b - e) . 

^* (a + 2 6) ^ P; ^* "^ "' 

£rom which the delivery can be calculated and compared with 
equation (28). 

In testing compressors it is often desirable to know the actual 
volume of air delivered per stroke. This can be done by 
pumping air into a reservoir of known capacity until a given 
pressure is attained : the temperature of the air in the receiver 
should then be taken and the usual corrections should be made 
to a standard temperature — say the temperature of the atmos- 
phere or of the room in which the compressor is fixed. 

Let Y be the volume of the reservoir. 

A be the working volume of the compressing cylinder. 
» n be the number of strokes to increase the pressure to P^. 
, Pobe the initial reservoir pressure (absolute). 
t Pj the final reservoir pressure (absolute). 
, e be a factor of efficiency of volume (e a = actual volume 

delivered per stroke). 
Then V Po + n.e.a. Pq = Pi V 

V + n,e.a. Pi 



or 



e = 



If e is known 



V p. 
V (Pi - p.) 

n a Po 

V(Pi-Po) 



ear, 
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Professor Unwin's rule for the loss of pressure due to friction 
in air mains is as follows : — 

Pa = PiVll- 322^00^1 
Pi being the initial pressure in lbs. per square inch, P, the 
pressure, L feet distant, Ui = the initial velocity of the air in 
the pipe in feet per second, d the diameter of the pipe in feet 
and ( the co-effioient of friction, which for pipes over 12 inches 
diameter may be taken as 0*003. For smaller diameters 
Professor Unwinds rule is : — 

f= 00027 (l + ji^) 

The power given out by a motor is a very variable quantity 

depending upon the point of cut-off and the kind of governing, 

but in the case where the cut-off is so arranged that air is 

expanded down to atmospheric pressure the amount of work 

done is 

7-1 
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The following description of M. Sommeiller's Hydraulic Air 
Compressor at the Mount Cenis Tunnel is extracted from paper 
read by Thomas Sopwith, Junr., February 16th, 1864, at the 
Institute of Civil Engineers ; Minutes of Proceedings, Vol. 
XXIII., page 258 :— (See Plate 1.) 

X is the supply pipe of cast iron, 2*04 feet diameter, connect- 
ing the machine with the reservoir. 

A is the pressure valve, opened and shut by the cam a, fixed 
on a shaft worked by an 8 H^ engine. 

B is the exhaust valve, worked by the cam b on the same shaft 
as a. 

C is a valve for admitting the compressed air to 

D a pipe leading to a wrot iron vessel or reservoir. 

F is a small cylinder with a piston on the valve rod of A, on 
which a constant pressure of compressed air is acting, 
to cause the pressure valve to fall quickly. 

G is a shaft, on which the cams are fixed for working A and 
B ; it is driven by a compressed air engine. 



a, .V 
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dd df olaok valves for the admission of air into 

Z, a vertical oolumn in which the compression takes place. 

H.0, exhaust level. 

The valve A is a movable hollow brass cylinder, about the 
same diameter as the supply pipe, and works vertically in a 
copper-lined cylinder attached by feathers to the outer case ; 
by the fall of A communication is opened with the pipe D. It 
is essential that this fall should be rapid, so that, in the 
unmasking of the ports, no resistance may be made to the 
inflowing water ; for this reason the cylinder F is applied. The 
total pressure on the piston is 1,470 lbs., and this, added to the 
weight of the valve and rod, causes it to fall quickly. A ring 
of caoutchouc, 2 inches thick, receives the shock, but it becomes 
crumbled after a time under the effects of these repeated blows, 
and requires to be frequently replaced. Beedy filaments in the 
water are more pernicious than sand or mud, clogging the 
valves, and impeding theur free action. Filters are consequently 
placed at the bottom of the valve-chest; A, is a small hole, c, 
always open to prevent the accumulation of sediment. 

B, the exhaust valve is, like A, a hollow cylinder working 
vertically in a copper-lined cylinder, the reverse of A, opening 
or unmasking the exhaust ports during its upstroke ; a caout- 
chouc ring receives it when it falls, as in A. 

The relative and alternate opening of the two valves is 
effected by the shape and position of two cams on the shaft G. 

G is a conical vaJve with vertical guides. 
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The Relations between Employers and 
Workmen in Engineering Works. 

READ SATURDAY, MARCH 11th, 1898, 

BY 

MR. C R. lORNS. 

OF BROADHBATH, 



The century in which we have now got well into the last 
decade, has been marked by great progress in every department 
of literature, science, and art ; but the most remarkable progress 
it has witnessed has undoubtedly been in the development of the 
industrial resources of the world, by the introduction of new 
machinery which followed the inventions and discoveries of the 
latter years of the last and the earlier years of the present 
centuries. 

Prior to this period, human labour was the supreme element in 
production, — the most important in all calculations regarding 
wealth and progress. It may be described as " hand labour," in 
which men, women and children performed the whole of the work 
necessary to feed, clothe, and shelter the population. In those 
days the condition of the labourer had to be first considered. 
Now, the first consideration is how machinery can be applied 
where work has to be done, and how it shall be regulated in its 
operations, so as to produce the most profitable result. While 
this progress in invention and applied science has been wonderful, 
and on the- whole, beneficial to the world, it cannot be said of 
it, as of progress in other respects, that it has been altogether an 
unmixed blessing. 

Before the great change — one might almost say, revolution — 
which was brought about, the progress of manufacturing industry 
was slow. The foreign trade of the country was scarcely worth 
taking into account. In the absence of a foreign trade of any 
consequence, the people depended for employment principally on 
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the home market ; and as nearly all labour was hand labour, em- 
ployment extended as population increased. Making allowance, • 
therefore, for occasional plagues and failures of crops, the business 
of the country would be very much the same one year as another. 
Speculation in trade was scarcely known ; there was no new com- 
modity to speculate in, no new markets to compete for, no rapid 
fortunes of mushroom growth, to be striven after. The manufac- 
tures were for the most part domestic, and were carried on in the 
houses of the people. What we now understand by the word 
" business " was unknown. The manufacturer employed a group 
of journeymen and a few apprentices, the number of the latter 
being apportioned to the number of the former. In this way the 
proportion of the workers in each trade was balanced, and as 
there were no sudden displacements of labour by the introduction 
of machinery, as years went on old habits and methods of life 
were preserved, while the relations between employers and em- 
ployed, commencing under an indentured apprenticeship,  and 
continued under a system of journeymanship, became a kind of 
family relation. With personal knowledge there was, as a rule, 
personal respect; though, perhaps, not without occasional dis- 
agreements which opposing interests will sometimes beget, however 
carefully they may be regulated. An interesting account of the 
changes made in the condition of the people, in what are called 
" the manufacturing districts," by the introduction of machinery, 
will be found in Gaskell's work on " Artisans and Machinery." 

This reference to the condition of labour a century ago is not 
intended to indicate any preference for the older times, or any 
desire to see restored what has passed away beyond our power of 
recall. Much of what has been changed has been improved, 
while conditions that have been made worse may be regarded as 
the result of a process of change, preparatory to a higher and 
better condition of things. Once the necessary machinery was 
invented, it was madness to attempt to continue the old household 
system of manufacturing. A more generous thoughtfulness, 
however, might have led to the establishment of an industrial 
system unattended by the many grievous evils that, as matters of 
history, we now shudder at. Many of these evils have been done 
away with, and it may be regarded as certain that those yet 
remaining will eventually disappear. 
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Still it must be admitted that the great change brought about in 
the manufacturing system of this country by the introduction and 
development of machinery constituted a crisis of extreme danger. 
An alteration in the daily business life of the nation which changed 
the occupation and mode of life of large masses of the people, 
dooming multitudes to poverty, and conferring on others large 
gifts of fortune, — destroying family influence on the one side, by 
superseding domestic employments and the salutary influences of 
home; and, on the other side, so separating the employer and 
the worker, and so estranging both in regard to interests which 
had previously been almost identical, the wonder really is that the 
interruptions to the industrial peace of the country have been 
so few, and that the attacks on property by the suffering and 
discontented have not been more frequent. 

It is scarcely necessary here to adduce special facts in support 
of the condition of things indicated above resulting from modem 
industrialism. Such facts may be found in John Fielden's "Curse 
of the Factory System," in Gaskell's "Manufacturing Population," 
and in the reports of the Royal Commission on the condition of 
the labouring classes. Neither would it be possible or useful, 
perhaps, to attempt to assess the blame which might belong to the 
masters or to the workers for this condition of things. There was 
no doubt some selfishness on the part of the former and great 
ignorance on the part of the latter. But, perhaps, most of the 
suffering and consequently estranged relations between masters and 
men, which have specially been characteristic of the last forty or 
fifty years, were due to the vastness and suddenness of the 
industrial change — amounting, practically, to a revolution in our 
industrial life — fostered as it was by a cold-blooded political 
economy which refused to admit a single article of human 
sentiment into its creed. 

The question of the conditions of labour — in other words, the 
relations between employers and workmen — had become so 
strained and acute that some forty years ago it crystalized itself 
into what was called the "Condition of England Question." 
Since then these relations have greatly improved, notwithstanding 
certain ugly facts, as, for instance, the prolonged dispute between 
the Lancashire cotton spinners and their workpeople which, 
apart from all the loss and suffering the dispute entails, is marked 
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by an absence of bitterness and acrimony on both sides^ and by a 
forbearance founded upon an enlightened intelligence which have 
never been so conspicuous in a labour dispute before. This 
conflict, and many others in recent years, show that the masters 
have come to regard their workpeople as something more than 
mere machines, and that the workpeople are disposed to act more 
like men and less like machines. 

A great improvement has therefore taken place between masters 
and men, and it is significant that to the satisfactory solution of 
the capital and labour problem the best thought of this and other 
countries has been given for many years past, and numerous 
experiments have been tried, some of them at great cost, with a 
view to hasten this solution. In the absence of any panacea of 
his own for our industrial troubles, the writer cannot do better, 
perhaps, than to feebly indicate the tendency of this thought and 
the nature of the most important of these experiments, without of 
course, committing himself either to the principles or details of 
one or the other. 

Not only on the Continent and in this country, but in the newer 
world of America, where the social and industrial conditions are 
so different, the question confronts the statesman and social 
reformer. In the January number of the North American Review 
there appeared an article on this problem, by the Hon. D. D. Field, 
a lawyer of the highest ability, an eloquent orator, and a man who 
is deeply interested in the welfare of the American people. Mr. 
Field appears to think there is now greater antagonism than ever 
before between capital and labour. In this he may be mistaken ; 
there may be this in appearance, but not in reality. Referring to 
the violence which has accompanied some of the late labour 
disputes in the United States, Mr. Field observes that violence is 
both unnecessary and impolitic, "because it alienates the majority." 
Speaking of the possible remedies for this industrial strife, Mr. 
Field contends that compulsory arbitration is impossible, because 
the State cannot fix the price of labour any more than that of com 
or any other article. " How then," he asks, " can the State, as 
such, aid in the reconciliation of capital and labour," and suggests 
that when capital applies for privileges, the State may make the 
concession of them dependent upon an undertaking that labour 
shall also have a definite share in the accruing profits. He points 
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out that the gigantic enterprises known in the States as "Corpora- 
tions," are only allowed to exist on certain stipulations laid down 
by the State, and suggests the additional condition for the privileges 
conceded to these associations by the law, that they should be 
required to give the workmen an interest in the results. As an 
illustration he gives the following example : — 

Let us imagine such an establishment as I suggest. Suppose a 
factory to be chartered, with a capital of a million dollars divided into 
two hundred thousand shares of five dollars each, three-fifths of them 
to be payable in cash or property as at present, and two-fifths in 
prospective labour; the former to be invested in land, buildings, 
machinery, and whatever else may be necessary for such an under- 
taking, and the latter reserved for such workmen as may be taken into 
the concern ; the skilled workmen to be allowed wages, say, for illus- 
tration, at the highest rates of the market, four dollars a day or more, 
and the unskilled two dollars a day, and each one to be registered for 
four hundred shares: If the earnings were 6 per cent, on the capital, 
each skilled workman would be credited in twelve months — ^that is to 
say, for 30D days* work— with $1,200 for wages and $120 for profit. 
Deducting $500 for his supplies, including food, clothing, and lodging, 
there would be left to his credit at the end of the year $820, which 
would pay for a hundred and sixty shares of the stock. He would 
then have had his living 'and become the owner of 164 shares of the 
company. In the next year he would acquire 164 additional shares, 
and in less than three years would have more than paid for all the four 
hundred. The rate of wages, the supplies furnished, the admission 
and dismissal of share workers, and the discipline of the establishment 
should be vested in all the shareholders, actual or expectant, while the 
financial department, and the purchases and sales, should be in the 
hands of the cash or property shareholders. Capital and labour 
would thus be brought into closer communion, and made to lean on 
each other. To this end the requirement of a cash or property capital 
would be in part dispensed with, and instead of it an obligation to 
labour accepted. The share-workman must have the means of living 
while he is earning the price of his shares. He must be enabled to 
live as cheaply as possible, by having his supplies furnished at the 
lowest price. He must have fair wages, and withal reasonable main- 
tenance, and the prospect of bettering his condition by becoming a 
participant in the profits of the combined labour and capital. But all 
concerned should have the power of superintending the conduct of the 
workmen, choosing between applicants, and dismissing the idle or 
incompetent, recompensing them, of course, for what they have 
already earned and saved* 
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As already stated, these views are given here to show the tendency 
of the best thought of our time, for the solution of the Capital and 
Labour problem. This tendency is, undoubtedly, towards what 
may be called a co-partnership between the two great factors in 
industrial progress. These views may be said to be theoretical, 
but as shown in a report recently issued on the state of industry in 
the United States by Mr. Drage, Secretary of the Labour Com- 
mission, they have been practically exemplified in several large 
workshops, some of them iron works, in the States. 

The most striking and successful experiment of this kind, how- 
ever, is at a large foundry at Guise, in the north of France, of 
which, perhaps, a short account may have interest for the members 
of this Association. A very interesting narrative of a visit paid to this 
establishment is given by Mr. Charles Hancock, in the Fortnightly 
Review for the present month, but the following particulars have 
been supplied by a gentleman who has visited the works more than 
once, and has had every opportunity of seeing the inner workings 
and ascertaining their financial position. 

M. Gk>din, the founder, was bom at £squ6h6ries, a small 
village of the Department of the Aisne, France, on Jan. 26th, 
1817, and died at the " Familist^re de Guise," Jan. 13th, 1888. 
He was the son of a locksmith, and after serving his apprenticeship 
with his father he worked as a journeyman in various towns in 
France, settling at Guise, when he was 23 years old, in business 
on his own account, in a small way, as a manufacturer of heating 
and cooking stoves in all varieties, articles for the household, 
building, hygiene, &c. Being a man of good business ability and 
great inventive faculty, he rapidly built up a large business. 

In 1859 he had accumulated a considerable fortune and was 
able to begin to put his social schemes into practice, his first work 
being the erection of suitable dwellings for his workpeople. The 
arrangement of these houses was in large blocks, four storeys in 
height, with a glass covered quadrangle to each, balconies running 
all round at each floor, staircases for access being provided at each 
corner of every block, and communication made between each of 
the blocks at the corners so that persons can pass from any part of 
the buildings to any other part entirely under cover. Shops are 
provided in one of the blocks, in which necessaries of any kind in 
the shape of food or clothing can be purchased. Reading and 
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billiard rooms, medical attendance, &c., are also provided, so that 
social life can be carried on under the easiest and best conditions. 
These buildings are of a most substantial character, and the 
greatest care has been taken to provide the most convenient and 
hygienic arrangements, while the rents are very moderate, and 
the amount of accommodation can be had most suitable to each 
persons means or requirements. 

A nursery has been established where the children of the 
tenants can be taken care of during the day, in cases where the 
mother's attention is wholly taken up with household work, or 
work outside. The women in charge of the nursery are carefully 
selected on account of their special capacity for taking charge of 
the training of children, their education in good manners and 
habits of observation being commenced at the earliest age, but no 
brain work is imposed until they are transferred to the elementary 
schools where there is accommodation for all the children of those 
who are employed in the works, the number attending school 
being about 500. No charge is made either for the use of the 
nursery or schools, the cost of their maintenance being a first 
charge on the profits of the Association, the amount necessary for 
this purpose being about ^"1500 per annum. 

A theatre for dramatic and other entertainments, lectures, &c., 
was provided by M. Godin, also a caf6 and wine shop, swimming 
and other baths, and laundry, supplied with hot water from the 
works, for the use of the residents free of charge. 

Allotments are provided at a small charge for those who wish, 
and large pleasure grounds (formerly Godin' s private gardens) are 
planted with fruit trees, flowers, &c., for the use of all the work- 
people. 

In 1887 Godin commenced to give his workers a share of the 
profits, paying himself first, interest at the rate of five per cent, 
for his capital, then out of the balance of profit 12 per cent, 
as remuneration for his services as Managing Director, the 
remainder being divided amongst his employes in proportion to 
the wages they received. For the first three years this bonus 
amounted to eight per cent, on wages, each having the amount 
credited to him in the books as share capital, on which he was 
entitled, and had added, dividend at the rate of five per cent, on 
his accumulated profits. 
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In 1880 M. Godin registered his business as a Co-operative 
Association, and divided his workpeople into three classes, viz. : — 

Associates, — ^Those who had been in the works five years and 
upwards, have at least £20 capital in the Association, able, at 
least, to read and write. These are elected, by ballot, at the 
general meeting. 

Societaires or Special Members. — They must have worked under 
the Association for three years, and be admitted by the Committee 
of Management. 

Participants, — Must be 21 years old, free from military service, 
have worked one year under the Association, and be admitted by 
vote of the Committee of Management and the President. 

There are Auxilaires in addition to the above. These are 
persons who have not been on the staff for 12 months, and are 
not therefore eligible for election. 

Provision having been made for five per cent, interest on 
capital, for nursing and educating the young, for the sick and 
those unable to work, for necessaries for subsistence, 25 per cent, 
of the remaining profit is given to intelligence, and 75 per cent, 
to wages of labour and to wages of capital, divided pro rata on 
the earnings of each. At the beginning of the Association 
25 per cent, was allowed for reserve fund, but in a few years 
this fund reached in value one-tenth of the capital, and this 
apportionment was discontinued. 

Managing Director 4% 

13 Members of Board of Management. 16% 

Pupils at State Schools 1% 

Rewards for Inventions 2% 

Board of Inspection 2% 

During 12 years — 

Capital has received ;f 122,000 

Labour „ „ ;fl30,000 

Pension & Necessaries Fund £ 32,000 

The 25 per cent, to intelligence is given partly to the admini- 
stration, superintending council, encouraging inventors, and to 
aid children of exceptional ability in pursuing their studies after 
leaving school. 

Members of the Association at the age of 50 years (or before, 
if incapacitated) and upwards are entitled to a pension of £^ per 
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annum and upwards, according to the position they have attained 

on the staff and the amount of share capital standing to their 

credit. 

In the year 1892 the members of the Association were classified 

as follows : — 

Associates 214 

Societaires 228 

Participators , 654 

996 
And to this total have to be added 327 other holders of shares, 
who have retired from active work and are only interested to the 
extent of the dividend they receive on their capital, and pensions. 

The total staff employed at the works numbers about 1500, and 
the wages per annum amount to about /'86,000. The annual 
turn-over is about ^160,000, for a capital of X"184,000. 

The Familist6re contains rooms for 460 families, the total 
number living in these associated homes being about 2000. The 
cost of buildings for the associated homes amounts to ;^78,000* 
and these and the workshops stand on 100 acres of ground. 

The Association is managed by a Managing Director, who is 
elected at a meeting of the Association. He is assisted by a 
Managing Council, which meets monthly. 

The Managing Council and the Director form two other Coun- 
cils, which meet every week — ^the " Industrial Council " and the 
" Council of the Familist^re." 

The Managing Council is composed of ten members, directors 
of the principal services, and of those members who are elected 
every year at the general meeting. The Managing Director pre- 
sides at the three councils. 

The wages at the Guise Foundry are higher, and the hours 
worked per day are less, than at similar establishments in France. 
Godin was reimbursed his capital with the profits made every 
year ; he was paid 6 per cent, on his capital, and the earnings of 
capital received a further share of profit pro rata with labour, and 
he was guaranteed the Managing Directorship for life. 

Mr. Hancock, in concluding his narrative in the Fortnightly 
RevieWy says: — "It was naturally impossible, in a visit of short 
duration, to make oneself thoroughly acquainted with all the 
details of the scheme ; but I saw enough to be convinced that the 
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social improvement in operation at Guise abundantly justifies the 
claim made for it — that it is the most important and practical 
undertaking of a social and industrial kind of the age." 

Whether it be possible for the large industries of this country to 
be successfully carried on under such a scheme as this is another 
and, perhaps, a debatable question ; but upon two or three points 
there can hardly be a doubt. If it were possible, it would no 
doubt do away with the antagonism between capital and labour; if 
it be not possible, this must be due more to a want of sympathy, 
misunderstandings arising from suspicion, want of knowledge — 
particularly of a technical kind, and to the unequal conditions 
which obtain in the same industry, especially in the rate of wages, 
ih different districts, — than to any mere geographical position. 

It is encouraging, to say the least, to notice that the old deep- 
rooted prejudice of the British workman against the use of ma- 
chinery is fast dying out; and with the progress of education, 
especially of a technical kind, it will soon be extinguished. We 
have depended too long upon the superiority of our physical con- 
dition and of our natural resources. If we desire to hold our own, 
our boys and young men must have the best opportunity of in- 
creasing the skill which has now become to a large extent heredi- 
tary in our workpeople, and discard the old " rule-of-thumb " plan 
in conducting mechanical operations. 

It is contended by those who have carefully studied the Guise 
experiment, that the system of apprenticeship at the works is 
designed to give the highest possible technical skill; and it is 
because of the skilful manner in which the various processes in 
the works have been perfected, that the progress of the business 
has been so rapid and continuous. 

To enable the faculties of a man —mental and moral, as well as 
physical — to attain their full development, it is now contended that 
shorter hours of labour are necessary. As you are all aware, an 
interesting experiment of what is known as " the 48-hours week " 
is being tried by a Manchester firm of engineers, Messrs. Mather 
and Piatt. Whether all that is expected from this experiment will 
be realised is very doubtful ; but whatever the result may be, the 
experiment will be watched with the greatest interest by all large 
employers of labour, and should the expectations of those who 
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have faith in it be approximately realised, it will give an impetus 
to the demand for shorter hours that it will be difficult to resist. 

It is contended by the advocates of shorter hours for labour, 
that it is physically impossible for a man to keep up his full 
working energy for longer than a given time, although it must be 
apparent that this will depend upon a man's physical constitution. 
Taking some of the evidence, however, which was given before 
the Labour Commission on this point, it seems to show that the 
shortening of the hours of work does not necessarily mean an 
increase in the cost of production. Mr. Bushill, of Coventry, 
testified that his men working 50 hours per week produced as 
economically as when they worked 55 hours. The men received 
the same rate of wages for the shorter as for the longer period, 
and the employer says he lost nothing by the transaction. Mr. 
Wm. Allan, M.P., also stated that his experiment of reducing the 
hours from 54 to 48 per week, with a reduction of 5 per cent, in 
wages, did not affect the amount earned by the men to any extent, 
the production in fact being as cheap with 48 as with 54, which 
enabled him to put the wages up to the 54-hours rate for 48 hours 
work. It may be interesting to the members to know that the firm 
with which the writer is connected, Messrs. Geo. Richards & Co. Ltd., 
of Broadheath, have for some years so arranged their working hours 
as to have only one break during the day, for dinner, and this 
arrangement, while in no way detrimental to the firm, is duly 
appreciated by the men. 

The other points in the synopsis of this paper must be only 
briefly touched upon. One cannot but feel that if the workmen, 
and especially the leaders of the trade unions, both in the en* 
gineering and in other industries, were wise they would give some 
attention to securing greater uniformity in the rates of wages that 
exist in similar industries in different districts. It is obvious, of 
course, that the cost of living varies to some extent in industrial 
centres not far apart, but hardly to the extent to which rates of 
wages in these centres vary, while the cost of carriage differs very 
little. If greater uniformity could be brought about in this matter, 
it might do something to mitigate the keenness of industrial com- 
petition which is often the cause of bitterness and conflict between 
employers and workmen. 
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Would it not also conduce to more harmonious relations between 
masters and men if there were a little less social stifiEness on the 
part of masters and managers, and a little less prejudice on the 
part of the men ? An improvement in the former respect would 
no doubt lead to an improvement in the latter. Inside the work- 
shops the prevailing feeling should be one of duty, and would it 
not tend to foster such a feeling if outside the works there, could 
be occasional meetings with the men at which questions affecting 
both parties alike could be mutually and . fearlessly considered, 
any little grievance stated, and the general question of the future 
of the industry engaged in fully discussed. 

There still remains the question, can proper relations be main- 
tained between employers and employed without the latter becoming 
participators in the business ; and if so, how can this be effected ? 

The co-operative scheme detailed above contains the elements 
of success so long as the business is a profitable one, and this is 
likely to be the case where every one sees it to be his interest to 
produce the greatest quantity of work at the smallest possible cost. 
But sometimes circumstances occur which cause heavy and serious 
loss ; then the position becomes awkward. The employed are not 
likely to agree to work for considerably reduced wages until the 
losses are made up. They simply remove themselves and their 
effects to another sphere of labour, and the employer is left to bear 
the loss alone. 

The fact is that the interests of capital and labour are identical, 
and it is owing to the abundant employment of capital that there 
is and can be a market for labour ; and to ensure proper relations 
between employers and employed, the latter must be educated to 
see this, and to acknowledge that the capitalist should have an 
adequate return upon the capital invested. 

As things now stand, many of the employed seem to think that 
all they have to do is to get inside the gates of the works a certain 
number of times per week to entitle them to draw their wages at 
the week end, utterly ignoring the common-sense principle that 
the employer is entitled to their full services during working hours. 

All present must be aware of the general dilatoriness displayed 
by the men in getting to their benches or machines after the bell 
has been rung. As a rule fully five minutes are lost at each starting^ 
time before work is commenced, and this entails a serious loss ta 
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the employer. Take the case of a firm employing 500 hands, 
with three starting times a day. The total time per day would be 
125 hours, making a loss equal to the rental of a works employing 
this number of hands. 

Another feature is the ingenious manner in which the men in 
all branches *' nurse " their work when they have reason to suppose 
that orders are scarce, and how, in the case when orders are plen- 
tiful, they seize upon the most trivial points to harass the concern. 

It is a matter ^or regret that owing to the want of thought arising 
from defective or little education, the workmen are now so easily 
led astray by the plausible phrases of the professional agitator. To 
ensure industrial peace and prosperity it is essential that our work- 
people be educated to the fullest possible extent, and then they 
will more and more recognise how identical their interests are with 
those of their employer, and be more influenced by that spirit of 
equity and justice expressed in the motto—" A fair day's Work for 
a fair day's wage." 

To conclude, the closer the relationship between employers and 
employed can be drawn, and the more fully the interests of each 
can be made identical, the nearer we shall be to a state of industrial 
peace and prosperity. 

If this paper should conduce in any degree to the bringing 
'about of such a state, the writer will be gratified and amply 
rewarded. 



DISCUSSION. 



Mr. Henbt Webb thanked the author for bringing such an 
important subject before the Association. As regards the 
paper itself, he would simply remark that the illustration of the 
proposed method of the American lawyer (Mr. Field) seemed 
to lack practical application. He oould not see how such a 
theoretical idea could be practically carried out. It seemed to 
possess two great defects, the one that it created too many 
masters, and the other that it was based on the curious 
-supposition that there was always a profit. In considering 
Mr. Oodin's experiment at Guide, it should be borne in mind 
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tbat the place was the only one of its kind in France, and besides 
having no opposition or competition to contend with had the 
further advantages of being assisted by a high protective tariff. 
Therefore, for ordinary circumstances of trade and competition, 
it was not a fair illustration, and besides, similarly to the 
Am^can instance, the element of probable loss was ignored. 
The author had referred to the system of apprenticeship, and 
perhaps it would not be inappropriate therefore, to mention 
a system of apprenticeship which was adopted at the works 
of his friends, Messrs. Howard & BuUough, and which he 
believed was the best in the world. 

He was somewhat disappointed that the author did not make 
more extended reference to the paper on '' Labour and the 
hours of labour," by Mr. W. Mather, M.P., in which were set 
forth some extraordinary propositions as to Trade Unions 
regulating the hours of labour and wages for each district, and 
which seemed to him to utterly ignore the competition in other 
towns. The Bill which Mr. Mather was bringing before the 
House of Commons was practically a reflex of his paper in the 
Fortnightly BevieWy and to say the least, it was an extra- 
ordinary measure. The Bill rendered Trades Unionism 
supreme, the employers' interest being of no concern whatever, 
and in fact it really did hardly appear as if the latter 
would have power to close the works and retire, if they 
desired, from business altogether. He quite admitted, and was 
convinced that the subject of capital and labour and its 
remuneration was of pressing importance, and one that would 
have to be resolutely faced. He might mention, in conclusion, 
that one of his friends, who was a most enthusiastic man for 
benefitting the human race, determined to establish an industrial 
partnership on the East Coast. He was to be allowed a 
percentage on the capital and profit, and the remainder of the 
latter to be divided amongst the workpeople. The first year a 
good profit accrued, the second year it was not so good, then 
came a loss ; the workpeople were dissatisfied when there was 
nothing extra to divide, and it ended in closing the works. 

Mr. George Saxon thought the latter portion of the paper 
seemed to be the most practical where the relation between 
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masters and men, and the latest propositions of Mr. Mather 
were discassed. Undoubtedly the 48 hoars question was of the 
supremest importance in regard to work and wages, and when 
it oame more prominently •forward it would have to be dealt 
with. Many of them might have been oonservative in the past, 
but the foot could not be denied that Jihey had now to deal with 
labour in a very different manner than formerly. Mr. Mather 
had embodied his ideas in a Parliamentary Bill, and also in a 
practical example at his own works for twelve months. That 
example, to his mind (Mr. Saxon), would scarcely solve the 
difiGiculty, inasmuch as these particular workmen would be on 
their merits, and not under such ordinary conditions as to &irly 
enable employers generally to come to a decision on the matter. 
The workmen would naturally work with the greatest energy, 
and therefore no one could doubt that the experiment would 
have a successful result as far as that particular case was con- 
cerned. Speaking as an employer, he thought they would still 
have to consider if the new conditions would square with the 
competition they had to meet, and with the remuneration they 
had to pay to their employes. Mr. Mather's scheme practically 
meant an increase in wages, as although the men were to 
work five hours less, the same remuneration was demanded. 
Similarly, the machinery would be five hours less in operation, 
and as tools were now speeded up to their highest practical 
point, he was afraid the reduced time in that respect could not 
be made up to meet the cost of the reduced hours, and neces- 
sarily the fixed charges of each establishment would be 
proportionately increased. Of course it was said that the 
workmen would work with greater intensity, and neutralize the 
possible loss, but it was difficult to reconcile this with certain 
of the labour leaders' assertions, namely, that the reduced 
hours would mean more work for the unemployed. That was a 
point upon which they would have to form their own opinion ; 
but at any rate, if the latter were true, then it could be more 
easily achieved by the labour leaders more energetically depre- 
cating systematic overtime in the engineering trade, and 
penalize it still more in order to restrict the hours thus worked, 
without resorting to the 48 hours for some time hence. While 
he certainly thought that the workmen should have every con- 
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sideration, yet he was of opinion that Mr. Mather had - in his 
scheme given too much power to the Trade Unions. This 
point was especially emphasised in clause 6 in the Bill, where 
after a certain period, *' whether agreement with the employers 
be arrived at or not," the Union could legally decide by ballot 
if the hours were to be reduced without reference to the 
employers. Personally, he thought sucli a matter should be 
decided by an impartial arbitrator, say a judge, a law officer 
of the crown, or other suitable person. The difficulty of the 
eight hours' day would largely disi^pear if the labour leaders 
would bring about an international reduction of hours. Before 
concluding, he might mention an important point, namely, the 
desirability of having a greater uniformity of the rate of 
wages in different districts, and which would tend in a great 
measure to negative those disadvantages which Manchester 
firms laboured under in competing, say with those in Yorkshire. 

Mr. Joseph Nasmith remarked that all social experiments 
had first of all to be tried imder more favourable circumstances 
than probably subsequently would be the case, and therefore 
he maintained that the lessons which might be deduced from 
the Guise experiment were such as could be applied to similar 
projects. He did not underrate the difficulties of divided 
management, but the firm referred to by Mr. Webb (Messrs. 
Howard & Bullough) was an example of the enormous advantage 
which accrued from a system, not of divided responsibility, but 
of conjoint responsibility. It was quite true that the Guise 
experiment was somewhat exceptional, but it was equally true 
that, at the present day, in France there were more than a 
hundred profit sharing concerns, and similar instances existed in 
Germany. Even in Alsace there were two or three cases of 
profit-sharing firms, of which he had personal knowledge, and 
they had existed not for four years, as in the case quoted by 
Mr. Webb, but for fourteen years, and in every case the success 
pf the experiment . had been most .marked, and of infinite 
advantage both to employers and employed. > 

. No truer assertion had been made than that of Mr. Saxon, 
when he remarked that the eight hours question had to be 
faced. Undoubtedly it was one of the most important questions 
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of the dftj, and they were living in a fool's paradise if they 
maintained that the only people who were talking about it were 
merely ** agitators." It had been disonssed, and was being 
disGossed by a number of men who were not the uneducated; 
unthinking men of the past, but men who by reason of the 
education which was now given, and the cheap literature which 
could now be obtained, were able to form and definitely express 
their views on the subject. He thought, therefore, that when 
the eight hours question came thoroughly to the hront, it would 
be put in such a way that it would be difficult to resist the 
demand. At the same time, he did not mean to say that the 
competitive conditions of to-day were not such as to render 
an experiment of that kind extremely hazardous. He merely 
wanted to emphasize the fact that it was a question which must 
be looked at from the point of view of granting it and not 
simply from that of refusing it. 

Another great question which was agitating the minds of the 
mtelligent working classes was practically that of what could 
be done for the unemployed. Of course every improvement that 
engineers made in machinery caused or created a large number 
of men who were unable to obtain employment. He did not 
mean by that statement that the number of men now employed 
was not greater than before machinery was used, but rather 
that the continuous improvements in mechanical methods more 
and more diminished the requirements for skilled labour. The 
inevitable tendency of the employment of machinery was to 
make fewer unskilled hands do the work which was previously 
done by skilled hands. Such being the case the number of 
unemployed was constantly growing, and in fact becoming a 
standing menace to the state. What was to be done ? He did 
not say that the 8 hours' question would of necessity do away 
with the difficulty, because there was the real practical dilemma 
which had already been pointed out, that if the 48 hours per 
week carried with it the same amount of wage it must of 
necessity increase the cost of production. If the latter were 
increased, even temporarily, the power of competition was in 
some degree lessened. On the other hand, however, if the 
effect of the 48 hours was to make men more intense and con- 
tinuous in their work, then the problem of the unemployed 



122 THE BELATIONB BETWEEN EMPLOTEBS AND WORKMEN. 

remained as far off solution as ever. Whatever be the difiSculties, 
however, he wanted to impress upon them earnestly the fact 
that there was seething in the minds of the intelligent working 
class of this country, the notion that the time had come when 
the difficulties of labour and the remuneration of labour ought 
to be faced and considered, that they might be made more 
favourable than hitherto. Certainly it will require all the skill, 
aU the patience and all the knowledge of each intelligent 
citizen to know how to deal with this question, but he was 
under the impression that the slowness of movement which 
characterised the English nation would eventually lead the 
question to an amicable settlement. With special reference 
to Mr. Mather's Bill he agreed with the opinion already 
expressed, that it was an extraordinarily crude measure, 
but he did not look upon it as anything but an experimental 
measure. He might add, by way of parenthesis, that the 8 hours* 
question had taken two distinct shapes, the first idea being a 
compulsory 8 hours' measure, and which owing to grave oppo- 
sition had been found to be impracticable ; the second idea was 
embodied in Mr. Mather's Bill, in which an attempt was being 
made to make it legally optional for any specific trade to adopt 
it* He was of opinion, however, in leaving out of the Bill one 
of the parties to the controversy, a good deal had been done to 
wreck the efficiency of the measure, and he did not believe 
that was the way in which the question would be solved. He 
could not concur with the author in the allusions in the paper, 
to the workman being led away by ^* paid agitators," as the 
leaders (so termed) were simply the servants of their respective 
societies and defended their cause to the best of their ability, 
and it could not be denied, in recent years, with considerable 
discretion. The present lock-out iu tHe cotton trade, he contended, 
was an example of the great moderation shown by the men and 
their leaders on the one side, and by the masters on the other. 
Had the dispute happened under the circumstances that existed 
20 years ago, there would, he felt certain, have been a great deal 
of rioting, instead of the present peaceable method of negotiation. 

The Pbesident (Mr. T. Daniels) said the subject of the paper 
was so important and so opportune at the present time that he 
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tnisted it wotdd be fairly and reasonably disonssed, and 
if possible, some definite conclnsions oome to thereon. He 
suggested, therefore, that the discussion should be again renewed 
at the next meeting. 

On the motion of Mr. Alex. Bba, it was resolved *^ That this 
meeting be adjourned to the 25th instant." 



In accordanoe with the resolution passed at last meeting, the 
discussion on the foregoing paper was resumed on the 
25th March, the President (Mr. T. Daniels) in the Chair. 

The Pbbsident, in re-opening the discussion, suggested that 
possibly before the discussion closed some of the younger 
members of the Association might consider the desirability of 
proposing the formation of a board of conciliation to deal with 
the eight hours question and other difficulties between capital 
and labour. He had heard it said that since the new system 
was adopted the gates of Messrs. Mather & Piatt's works were 
closed two minutes before time so that the men had to be in by 
that time and ready to start exactly on the dot. He did not 
know whether that was correct. It was said in support of the 
eight hours system that when young men attended science 
classes and so on at night, it was better not to start so early in 
the morning, but it must be remembered that there was another 
side to that question. The moral effect of getting up in the 
morning was that it sent men to bed earlier, and the going to 
bed earlier enabled them to keep out of temptations to which 
they might otherwise be exposed. It was all very well for Sir 
John Gorst and others to talk about giving the eight hours in 
all Government establishments and of doing what could be 
done to make the men comfortable. Well, he quite agreed, but 
the question was what the men needed to keep them comfortable 
on. He feared very much that while our workpeople were 
getting made comfortable and swimming in pleasant waters the 
foreigners might run away with their clothes. 

The remaining points to be considered were the necessity of 
a well organized Masters' Association to meet and discuss the 
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difFerebt -qnedtions constantly arising in relation to capital and 
labour, and also the higher education of the workman. In 
ireference to the lattei^, he thought it was very important that 
men should have a knowledge of the trade and commerce of the 
country and the laws governing the same ; especially as to the 
conditions under which contracts had to be taken, and the risks 
incurred by capital in reference to foreign competition. If a 
few emigrants landed at Hull there was a great outcry, and 
questions were asked in Parliament on the subject. In his 
opinion, however, this immigration was hot so dangerous as 
was the importation of foreign machinery. When foreign work- 
men came to this country they were looked after and influenced 
to get good wages. Last year, however, as stated in the 
Engineer, 10,000 tyres and 5,000 axles were imported from 
Belgium and no comment was made thereon, although our own 
mills and forges were short of work. Another question worthy 
of. consideration was that of spoiled work, which in a lecture 
recently delivered at Paisley, Mr. Caird informed his audience 
amounted to a large percentage of the contract price. If 
a workman received a bad coin for his wages he very soon 
wanted it changing, and on the same principle an employer 
had a perfect right to have good work for his money. As to the 
uniformity of wages, he was informed that great efforts had 
been made by the Unions to work up the Yorkshire low-paid 
districts and Glasgow, but owing to the want of unity amongst 
the men progress had been slow. As regards th6 eight hours 
day movement, he candidly confessed that he could not approve 
of it until the Belgians and Germans had their hours similarly 
reduced. 

Mr. Thomas Ashbuby referred to the recent dispute in the cotton 
trade as illustrating that although there was still too much friction 
between employers and employed a very great improvement had 
been effected in the manner and spirit in which the disputes 
were carried on — ^there had been none of the violence which at 
one time attended such quarrels. With regard to the experiment 
at Guise, in France, to which Mr. lorns had referred, it struck him 
as being rather remarkable that that illustration of co-operation 
had not been copied to any great extent. As to the 48 hours 
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system, he did not believe in it, and he quite agreed that siloh a 
reduction of hours was not essential to the fall development of 
the mental, moral, and physical qualities of a working man. 
When the 57 hours system, which was the system in force in 
this district some years ago, was reduced to 54, it might be in 
the recollection of many of them that in Glasgow the hours were 
reduced to 51. Going down the Clyde one day he met a large 
employer of labour, who told him that as the men were only work- 
ing 51 hours it had strack him that it was not worth while getting 
up steam on the Saturday, and the 51 hours had better be 
divided over the previous five days of the week. This was done, 
and some three or four weeks later the employer referred to had 
a deputation from the wives of the workmen, who begged and 
prayed of him to open his works on the Saturday. They 
wanted "their men'* to be "out of their road" they said. 
They could not do with them in the house when the cleaning 
was going on, and if they were asked to give a hand wiUi 
anything they went off in a sulk to the public-house and had 
more drink than was good for them. And so the wives thought 
it would be better if their husbands were kept at work on 
the Saturday, even without any extra wages. This was an aspect 
of the question that it might be well to bear in mind. In 
relation to the particular experiment of which they had heard 
so much, it was important to remember that Messrs. Mather 
and Piatt's establishment was out of the ordinary run of shops ,* 
work of a special character was done, and on that account it^ 
would be necessary to discount to a considerable extent the 
result of any experiment there. An eight hours day would 
work inequitably so long as there was the existing lack of 
uniformity in wages in the engineering trades — so long, for 
example, as goods of the same class could be turned out at 7, or 
10, or even 12 per cent less cost as to wages in Leeds or 
Glasgow than in Manchester. He knew that the Manchester 
workmen had always been distinguished as the best mechanicians 
in the country, but their superiority was more than swallowed 
up by the lower wages paid in other districts. He considered the 
President was perfectly right when he said at their last meeting 
that a legal eight-hour day would result in the loss of trade, the 
dosing of works, and the removing of capital. 
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Mr. A. Bea speaking on the subject, claimed their kind 
indulgence, admitting that it was a question on which a good 
deal could be said upon both sides. He agreed with his friend 
Mr. Nasmith that it was probable the unrest of labour 
was more widely diffused at present than it had ever been before, 
and it was not reassuring to know that those who were most 
aggressive seemed least of all to understand the nature of the 
result they desired to compass. It might be stated that there 
were 100 schemes on foot ; many socialistic in the worst sense, 
a few socialistic in the best sense. But the vague idea embodied 
in all was that if capital could be taken out of the hands of a 
few and distributed among the many, all workers would be 
happy for ever. The truth was the great mass of writers 
and speakers who denounced capital had no accurate conception 
of what capital really was, and those who ought to speak out 
allowed judgment to goby default. Hence the power and influence 
of those who had ends to attain with labour, but who had not 
the true interests of working men at heart. In studying a 
question of this kind it ought to be borne in mind how large a 
part credit played in the commercial wealth of the nation. 
Credit used in an absolutely legitimate way, and money as such 
in the shape of current coin of the realm played a very 
insignificant part in the conduct of business, and the latter 
would not suffice for 10% of the trade now done. And therefore 
the division of all the coin in the country would simply result 
in an utter stagnation of trades. But credit was an intangible 
thing, and it could not possibly be transferred to the new com- 
munity of workers ; all attempts to snatch at capital or make 
it insecure must inevitably recoil on those who made it, and 
first of all on the working classes, no matter what arrangements 
were made the result in the end must be the same. Certain 
groups of individuals would have to control expenditure, 
accumulate capital, possess credit, &c. 

They would pardon this digression, but he was endeavouring 
to show that all changes in the relationship of capital and 
labour must be a work of time and circumstance. 

Speaking of the position of the working classes in the early 
portion of the century, it must be admitted that the picture was 
a sad one. An eminent writer, Frederick Engels, who visited 
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the English manufacturing districts in 1844, found the condition 
of the workmen, and of their wives and children, so deplorable, 
the rate of wages so low, health and morality so bad, the greed 
of gain on the part of the manufacturers in general, so reckless, 
and the State and society so indifferent, that he expressed the 
gloomiest predictions, and saw no possible escape save in a 
violent revolution, which he regarded with certainty unavoidable. 

Happily, however, such revolution never came to pass, and 
anyone who to-day, after a lapse of over 50 years, examined care- 
fully the bettered condition of the working classes in England 
would be convinced it never would. He knew that this was 
often denied, it being the custom with the new reformers to 
paint the present position of working men as mere wage slaves. 
But that term, when applied to skilled artizans, was downright 
nonsense. 

There was a blind ignorance upon the subject, and ignorance 
made men strangely confident. Why they would find amongst 
working men, as happy homes, as true comfort, as genuine 
intellectual life, as clear and sound judgment as they would find 
amongst any class of men in any part of the world; those 
who were prudent, thrifty, self-denying, given to thought, and 
whose influence extend beyond the class to which they belong. 
But he did not speak of them alone ; the improvement in the 
social condition of the majority of working men in the last 
half century was so great as to fill with amazement those who 
looked from a distance ; there was no doubt another side to the 
shield, but the idea that, excepting in very exceptional cases, 
any class of labour was worse off now than it was had no 
foundation, in fact it might be asked how has this change been 
brought about ? Had the State stepped in to regulate hours 
and wages, to prescribe modes of working, to regulate produc- 
tion, 80 far as adult males are concerned? Nothing of the kind. 
The legislation which had effected them had been that which 
had removed State interference. It was not by law that the 
workman had won his way upward, it had been by the operation 
of many agencies, all of which had tended in the same direction. 
Combination giving the seller in the labour market equality with 
the buyer; conciliation, bringing masters and men together 
in friendly discussion of business difficulties, encouragement to 
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workmen who showed superior ability ; co-operafcion aiding the 
formation of habits of thrift, promoting knowledge of afiGedrs, 
and holding out the high ideal of business into which other 
considerations than gain should enter. Education giving a wider 
outlook, more powers of judgment, and righteous discontent with 
existing evils and conditions, and temperance without which none 
of the other helps were of real avail. If workmen were wise 
these were the lines they must still pursue. To get shorter hours 
might appear an advantage ; the uncertainty of employment, 
however, and more especially to remedy this uncertainty is of 
far greater importance than to reduce hours or raise wages, and 
would require, as had been stated, all the skill and patience of 
every intelligent citizen. It was to be feared, however, that 
working men were being misled upon this cardinal point, by 
those who knew better, by having their attention turned to 
legislative enactments as a panacea tor all their troubles. Let 
us have Bi-metallism, shouts one crowd ; Municipalisation of 
Labour, cries another ; Division of Profits, echoes a third, and 

• 

so on was the jargon flung about until there was a very babel of 
confusion, but how few speak out and tell all that it was a moral 
revolution they required. Then there was much nonsense talked 
about the capitalist as though he was worse than the average of 
men. The working man who became an employer adopted, as 
a general rule, the ideas and prejudices of his new belongings. 
Make the hours of labour therefore what they please, divide 
the land and capital of the country as they choose, revolutionise 
everything and everybody, and they would only do unmitigated 
mischief, and put the old world clock back to midnight. 

Money was not the principal thing. The real question was 
how they were to lead truer and nobler lives ; without this any 
mere change of physical conditions, reduced labour, greater 
gain, may be a curse instead of a blessing. They must abandon 
the idea of force and welcome that of freedom ; as an eminent 
writer puts it, they must get rid of the idea of class as conferring 
special honour or privilege, and regard it only as denoting 
particular sympathies. They must uproot the baneful notion 
that ease, pleasure, or the accumulation of wealth were the 
principal aims in life to any truly rational being, and learn to 
esteem all men for what they were, not for what they had. 
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They mast insist upon equality of opportunity for all men alike, 
whilst they guarded jealously against any State interferanoe with 
the individual, further than was imperatively required to ensure 
suoh equality of opportunity. In oonclusion, he personally 
thanked the author for his interesting paper. 

Mr. Matthew Ingram advocated the adoption of less stiffness 
on the part of employers towards the workmen, and of 
occasional meetings between them on a common platform for 
the discussion of social or other subjects. 

Mr. Jomt West said he observed with regard to what had 
been done at Guise, Mr. loms pointed out that it was only after 
M. Godin had accumulated a considerable fortune that he put 
his socialistic schemes in operation. He thought that was a 
remark that would apply to a good many of their socialist and 
faddist friends. What had been done at Gaise was not prac- 
ticable under such conditions as existed in Manchester at the 
present moment. A great deal had been said about the Eight 
Hours' Bill, and although he did not agree with it, yet it must 
be borne in mind that someone must no doubt make suoh 
experiments, and it was well that they had a gentleman like 
Mr. Mather who was prepared to make experiments that might 
possibly prove advantageous in the end. His experience was 
that men could not do as much work in forty-eight hours as 
they did in fifty-four, and, as Mr. Ashbury had pointed out, 
they would not all be on one footing even if the forty-eight 
hours' system were adopted all over the country, for at the 
present time they were paying something like four shillings a 
week more in wages in Manchester than was being paid in 
Glasgow and Leeds. Such a difference represented not a bad 
profit for the makers of machines. The Amalgamated Society 
of Engineers ought certainly to do something in the way of 
levelling up or levelling down wages in order to secure greater 
uniformity. He would like to see a more conciliatory spirit 
than existed at present between capital and labour, and it would 
be well for all parties if boards of conciliation could be formed. 

Mr. Alfred Saxon said that even as there had been evolution 
in the labour movement so he hoped they would see a new type 
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of master rising up, men who were prepared to face an eight- 
hour day, if it should come, and do the best that was possible 
under the ciroqmstances. But he thought the eight-hour day 
should begin rather with the women in the mills than with 
engineering shops. In eomparison with mill hands mechanics 
were pretty well off with their present hours. Mr. Mather had 
somewhat handicapped the engineers of the district by going in 
for a forty-eight hours* week without consulting them. The 
fact that the workmen had not accepted it with any eagerness 
showed that there was some doubt about the success of the 
experiment. As employers they would await the result of the 
experiment with interest. 

Mr. Henrt Webb said that with regard to the suggestion of 
the President as to forming a board of conciliation, he had come 
to the conclusion that it would not be wise for them to meddle 
with either trade or commercial questions. If the Association 
was to be of real utility as it had been in the past, by all means 
let them stick to scientific and mechanical subjects. The 
question of this evening was whether the shortening of the 
hours of labour was wise or not. Whether employers liked this 
subject or not it was before them. They could not afford to 
disregard the uprising of labour to obtain the full rights to 
which it was entitled, and employers were bound to weigh well 
all serious proposals, with a sincere desire to meet every just 
demand, to examine alleged grievances, and to co-operate with 
labour to remove them. They might be sure the age when the 
few made immense fortunes, and the many got little or nothing 
was quickly passing away; wealth was more evenly distributed, 
and rightly so, education was making rapid strides, and that 
meant power. 

One factor with which they had to deal was Trades Unionism ; 
this was now a permanent institution of the country, sanctioned 
by law. On the other hand they had Federations of Employers, 
and when these two societies were strong, there was a safeguard 
against unjust, sudden and indiscreet action. One thing these 
combined forces might easily do, and which would be of 
immense advantage, would be to form, from the employers and 
employed, a committee of reference a$ to facts, so that it might 
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be ascertained exactly and at once what the facts were in 
relation to any dispute. At present wlienever a strike or 
lock-out occurred the newspaper reports showed there was 
always a great conflict as to facts. By the appointment of such 
a committee many difficulties would disappear. Trades Unionism 
used to be a guarantee that its members were good workmen ; 
now the only test was a subscription to the funds of the Union ; 
the former should not be lost sight of. And if these Unions, 
besides trying to equalize the price of labour and make it 
uniform in all districts, would also regulate the conditions, such 
as piecework, Ac, so as to put all employers ou the same 
footing, it would be an advantage. 

Reference had been made to Mr. Wm. Mather, M.P. and his 
attempt to solve the problem, and they should all give him 
credit for the very best of intentions ; it was not desirable to 
suggest either by inuendo or otherwise that he was animated by 
any motive but the right one. Mr. Mather failed in not being 
equitable ; he gave undue prominence and power to Trades 
Unions, and his solution of the difficulties as published in the 
Contemporary Beview, November, 1892, failed by biaing on too 
narrow a basis. Unions regulating the hours and wages of one 
district only, ignored the competition of other districts, and it 
would never do for say Lancashire, Yorkshire, Glasgow and 
London to have different regulations as to hours of labour. 
Again, human beings were not yet perfect, and socialistic ideas 
were all right in theory but did not work in practice, and both 
Trade Unions and Federation of Employers shut out of view 
that most priceless of gifts of the Divine Providence, namely 
liberty. Where were they going to stop if the liberty of the 
subject was going to be regulated by Trades Unions ? The 
responsibility and liberty of the individual was abrogated. In 
the Bill Mr. Mather had introduced into the House of Commons 
he also fedled through being too much on one side, and not on 
a broad basis. 

At the same time shorter hours of labour would come, and 
come sooner than some suppose. Experiments, as in Salford, 
were hastening the time. Most strenuous efforts would be made 
to make it succeed, and it might be that this extra exertion over 
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the shorf period of twelve months might show an equal result 
as heretofore. What should he their attitude in regard to this 
matter ? They should look ahead and try to guide and mould 
the thought and opinion and action of the operatives to what 
was going on outside their little circle; they must try and 
make them grasp the idea of what was going on in America 
with her unbounded natural resources, with, as some of them had 
seen, enormous sources of wealth lying at their doors, with an 
energetic people working sixty hours per week, and anxious to 
secure the markets of the world. The Germans with their 
scientific and technical training working sixty-six hours per 
week; other countries working seventy- two hours. We must 
try to get our country to move slowly in changing the hours of 
labour, not to be too precipitate with reforms of this kind, 
however desirable, but educate other countries to our standard 
rather than drive trade away to them. 

Mr. James Swift (secretary of the Steam Engine Makers' 
Society) said that as one of those ** paid agitators " on behalf of 
the working men it was with some diffidence that he rose to 
speak in such an assembly. Mr. Bea in his speech spoke of the 
Labour party and its leaders, but he would have the meeting 
remember that there were two Labour parties — the new and 
the old. One of these parties seemed to attract to itself all 
kinds of people, including editors, briefless barristers, soldiers 
without commissions, individuals who had never done a day's 
manual labour, who set themselves up as representatives of 
labour, and of whom, he feared, the public took more notice 
than they did of the recognised trade unionists of the country. 
As to the agitation and aggressiveness that were complained of, 
had there been any aggressiveness of late in the engineering 
trade ? It was said that the engineer was in a better position 
than he had ever been before ; but, as a matter of fact, he was 
no better off than he was twenty years ago. The rate of wages 
was the same now as in 1878, and the men were no better off, 
except that they worked an hour per week less. So he thought 
it could not be said that they had not shown fair consideration 
to the employers. They believed, however, that they could gain 
more by diplomacy than by brute force such as was preached 



DISCUSSION. 188 

at the street comers to-day. With reference to the ineqaaUty 
of wages to which reference had been made, the various trade 
societies had used their utmost endeavours to bring up the 
localities that had been referred to, to the medium rate. In the 
Yorkshire district large sums of money had been spent in trying 
to get the men into the society, and so force up the rate of 
wages. With regard to the hours of labour, he did not think 
that, so far as the engineering trades were concerned, they 
would have a legal enactment for some time to come. At the 
same time, he was satisfied the men were ripe for shorter hours, 
and if these were not conceded voluntarily, they might adopt the 
Trade Union prerogative, and attempt to secure them by a 
strike; and if they did so, he had no doubt they would be 
successful. It must be remembered that their societies were 
not mere ropes of sand, but had ample funds at present, and in 
time of conflict, power to make levies. They had seen what had 
been done in the cotton trade, and depend upon it when the 
engineers came to ask for it the eight-hour day would be fixed 
as a standard, if it had not previously been obtained by legal 
enactment. He expressed his approval of Mr. Webb's sugges- 
tion for the formation of committees of reference as to facts, 
and in conclusion expressed the pleasure he felt at the remarks 
in Mr. lorns's paper, and the comments of several speakers as to 
more considerate treatment of workmen. He was of opinion if 
workmen were treated as fellow-men by managers, foremen, 
and employers, and not as menials, more work and more con- 
tentment would be secured, and then there would be more 
satisfaction all round. 

The Chairman (Mr. T. Daniels), in proposing a vote of thanks 
to Mr. loms for his paper, said they had well considered the 
very important questions which had been submitted to them. 
The speakers were all men of position and experience, and felt 
at heart the importance and responsibility of what they said. 
He thought the one desire pervaded the whole Association, 
namely, to do the best they could for the profession, and the 
welfjEire and advancement of capital and labour invested in the 
mechanical trades of this country, so that we as a nation, com- 
bined with other commercial undertakings, might in the future 
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hold onr own equally well as in the past, and if possible 
improve upon that position. He had pleasure in moving 
''That the best thanks of the members be given to Mr. lorns 
for his interesting paper." 

The resolution was carried by acclamation. 

Mr. loBNS, after thanking them for the kind manner in which 
they had received his paper, said there appeared little or nothing 
to say after the able manner in which several gentlemen had 
taken up the various points this paper was intended to draw 
forth. In the first place, the object in view was to enable us 
to learn more, especially from sensible men, practical views on 
which something could be built up to remove the trouble now 
existing, and create better feelings between master and man in 
the future. 

From what had been said, there was not a doubt that truly 
the interests of both were identical, and seeing that for years 
the workmen in all branches of trade have been combining 
stolidly together, and forming societies worked from one centre 
of administration, ought not the employers to take immediate 
steps to form a similar association, or re-organise the existing 
one, and place themselves on equal ground as regards com- 
bination ? The efforts, however, of such an association would 
be useless fas in the past) unless each member remained truly 
loyal. It must be patent to most of them that grievances would 
be then dealt with fairly by a joint Board of Conciliation, and 
thus remove the curse of England's commerce, '* strikes.*' 
Labour realising that capital was also combined, our chances of 
competition with the foreigner would be improved, and capital 
having greater security, would be invested more in home 
industries. 

In speaking of competition, the eight hours question will 
have a great effect thereon. Some employers now state that 
the men do as much in 48 as 53, which on the face of it 
suggests that the workman up to now must have held so much 
in hand; but where it comes to machines, as Mr. Saxon 
pointed out, how are they to make up the loss of five hours if 
the machines were now working as they should be ? The 
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number of boors, and wages paid, surely most depend on 
competition from foreign countries, as eacb year brings fresh 
producers greater in ratio to the new markets. 

The paid agitator Mr. Nasmyth referred to, he feared would 
not bear closely investigating, and prove the supposed true 
friend to the working man. The settlement of the cotton strike, 
which we all hail with satisfaction, would no doubt have been 
avoided if at first the employers had been one and all mutually 
combined; thus a loss of twenty weeks* wages to the work 
people would have been prevented, the chances of creating fresh 
competitors in other countries minimised, and Lancashire had 
a better opportunity of retaining its staple ti:ade. 
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Mr. President and Fellow Membebs, 

At the request of the Council I agreed to introduce a 
discussion on the best mode of constructing and lubricating 
a main bearing, on the understanding that I need not make 
any elaborate preparation in carrying out their request. I do 
not purpose entering into calculations, or giving formulaB and 
figures, which might be difficult to follow, owing to the 
members not having had the opportunity of reading my 
remarks beforehand ; but will confine myself to general state- 
ments and explanations, such as I am enabled to make from 
experience. 

The practice of engineers and millwrights varies considerably 
in most matters, and not less so in the particular subject under 
notice, each one, no doubt, obtaining under ordinary conditions 
sufficiently good results to enable him to adhere to his own 
particular practice and design. We must be prepared to admit 
that a certain amount of latitude may be allowed in matters 
of this kind before we can arrive at the conclusion that, by 
obtaining good results from our own designs, other people's 
designs, if varying from ours, must be wrong. I will venture 
to say that there is no special design of a main bearing that 
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will meet all the cironmBtaDoes and oonditiona we are called 
npoD to deal with. There ia, in (act, no "ouiversal" bearing 
that folfils all requirements ; but out of a number of difforent 
designs it is onr business to select and recommend the best 
and most smtable that knowledge and experience can snggest 
for the particular case we may be called upon to deal with. 
Some points to be considered in designing and constmoting 
a bearing are : — 

The Coet : There must be a limit in this respect to make it 
a commercial snocess, as engineers seldom get orders irrespec- 
tive of this particular item, which keeps occurring with 
wonderful continnity in these times of keen competition. 

Type of Gearing : It makes a considerable difference whether 
the bearing is intended for rope or belt driving, or for wheel 
gearing. There is also the load the bearing has to carry, the 
speed of the shaft to ascertain, the direction the shaft revolves, 
the poll or thrust, and any other information we may consider 



What are the types of pedestals that we have the choice of 7 
We have the ordinary pedestal (Fig. 1) which can be 



oonstmoted with top and bottom steps, or bottom step only 
and shell cap if there is no lift or pressure against the top 
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step. This style of pedestal answers veiy well for beam 
engines or ordinary cases of gearing, especially when Uie 
brasses are made very sobataDtial, uid tbey are moathed or 
oonnlerbored. 

Then we have the angular pedestal (Fig- 2) which 



Fig. 2. 

may be made with one or two steps, like the ordinary 
pedestal, to receive the thrust of the shaft in the horizontal 
centre of the brass. This style of pedestal has a more limited 
field of application, bat cannot be excelled under most 
ciranmstanceB, for rope and strap driving (as shown in Fig. 8), 



if made of suitable length for the pull and speed 
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Another type is the three-step adjuetable pedestal (Pig. 4) 



which again has a special feature of adjustment in taking up 
wear, and in being adapted for receiving another direction of 
thrust in the middle of its steps. 

The three-step adjustable pedestal has a very limited field of 
application, and has been almost displaced by the fonr-step 
adjustable pedestal (Fig. 5), which properly constructed is the 



best design for horizontal engines, whether gearing or rope 
driving, that is, provided it is fitted up and finished properly, 
all the steps being planed or counterboved, to allow of the 
shaft only bearing in the centre of the steps according to 
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the thrust or pressure. And further in being made short enough 
where fitting the neck to allow of some expansion of the 
brasses without being collar-bound. 

Many troubles with bearings have arisen from the fit of the 
steps to the neck being too good ; it is not requisite for steps to 
be a good fit except in the pedestal itself. A cheaper form 
of this pedestal can be made with shell cap, retaining the two 
side and bottom steps. 

With these different types to select from, with modifications 
in detail, along with a choice of metals, and various methods 
of lubrication, we have sufficient variety for the most 
difficult cases. Let us see that steps of sufficient thickness are 
used, whatever design of pedestal may be selected, and that 
in the boring and finishing, sufficient working play is allowed ; 
also that the bearings are well and truly erected on good 
substantial fixings and foundations. 

Before I leave the subject of the design of pedestals I may say 
that the theory advanced by Professor Goodman (who I am 
sorry is not present this evening), stated in March, 1890, was 
rather remarkable : he said — in defiance of men of considerably 
greater practical experience than himself— that side steps were 
not required. I do not for a moment doubt the results he 
obtained, which indeed may be experienced on railway axles, 
etc., ; but railway axles and testing machines are not steam 
engines. The very practice we have adopted for horizontal 
engines in these adjustable pedestals disproves that. I admit 
there is not much need for bearing surface on the side brasses, 
but why should we trouble about the setting of our valves and 
compression if there is not this action in the steaming of an 
engine in moving the crank shaft sideways and so causing 
side wear ? The angular pedestal and straight pedestal proved 
a failure in horizontal engines because we could not take up 
the play across the sides in those types of pedestal when wear 
had taken place. 

In reference to the question of the lubrication of journals. 
Professor Goodman in his paper* touches largely upon this 
question, advocating bath lubrication, which is undoubtedly a 

* See Qoodman on The Friotion and Labrioalion of Gylindrioal Joam^ls. TmosaotionH, 1890. 



142 THE BEST DBSION OF MAIN AND OTHEB BEABINOS. 

perfect form of lubrication if it could be carried out properly. 
But what does Professor Goodman say ? — 

Bath, ob Pbbfbot, Lubrication. — ^In this case the bottom of the joamal 
dips in oil and keeps it thoroughly swilled, and is of coarse the most 
efficient method of lubricating a journal. An objection is often raised that 
bath lubrication is only obtainable in special cases of scientific experiments, 
and that it is of little or no practical value. The great advantages arising 
from this system of lubrication are however undoubted, and the author has 
therefore designed a bath suitable for use with many forms of ordinary 
journals, and has found it to answer satisfactorily. The arrangement is 
shown in Fig. 6, where a is the shaft carrying the brass b, to which the 
bath is attached by the screws h h ; the oil is prevented from leaking out 
at the ends by leather packing d. When running at high speeds, the oil is 
carried round by the shafts, and flies about in all directions. To prevent 
this, a ** baffler " strip ee ib arranged, slanting towards the cenbe, and 
approaches the shaft within about 1-32 inch. Bings of oil form on the 
journal at each end of the bath, even at moderate velocities, which, if not 
prevented, will cause a great waste of oil. These are skimmed off by the 
Ups at each comer, //. When properly fitted this bath will answer 
perfectly at 400 revolutions per minute. The author has not had an 
opportunity of trying it at a higher velocity, but believes it would be equally 
efficient at 1,000 revolutions. It can be made of cast-iron, brass, or sheet- 
metal. For friction experiments, it must not be attached to brass, as it 
would greatly increase the friction upon it. In Figs. 4 and 5 it is made 
with flat ends, and wedged up tightly with wooden wedges w w, 

I believe the form of pedestal he describes could be con- 
structed and adopted for high-speed gearing and the line 
shafting in our mills in such positions where it would be 
accessible, and there should be plenty of room to stop leakages ; 
but we could not do with baffler straps and wooden wedges in 
ordinary every-day cotton-mill practice. I believe the pad 
system can be applied in a practical way more efficiently and 
more mechanically than the bath system, that is, if we 
must take Professor Goodman's own description of his way 
of dealing with it. In the case of footsteps at the bottom 
of upright shafts in our large mills, the bath system is adopted 
with the best results. 

We are not so much troubled to-day if we put in our 
pedestals counterbored, which is equal to cutting away the sides, 
and have oil pumps for the purpose of continual lubrication, 
the pedestals to be fitted with oil-drippers for receiving the oil, 
and thus using the oil over and over again. Then again, oil 
flats cut in the shafts or spiral grooves are necessary in the 
lubricating of our large bearings. 

I think that I have said sufficient, Mr. President, without 
saying all that I could upon this subject, to initiate a 
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disonssion, and anything further I will reserve nntil my reply 
to the points arising therefrom. 



DISCUSSION. 



Mr. T. Bettlb remarked that the ordinary pedestal in many 
cases worked very well, and the angular form of it was snitahle 
for horizontal engines. The fonr-step pedestal, although not 
without defects, worked fairly well, whilst it had the advantage 
that the bottom part being round, it could be easily taken out. 
It had, he believed, been found from some experiments that the 
proper method of lubrication was to put the oil on the top and 
let it work in. He might mention surface pressure, the material 
the steps were made from, whether the shaft were of steel or 
iron, and the question of crank pin bearing as points for con- 
sideration in connection with main bearings. As to metals, he 
had more faith in the old gun-metal than in the alloys. 

The PsEsmENT (Mr. T. Daniels) remarked that in locomotive 
bearings they used a great deal of phosphor bronze. Many 
people thought the present bearings were made too small. 

Mr. CoNSTANTiNE Said with regard to metals he could speak 
a good word for magnolia. He believed that bearings were 
generally made too small, and numerous difficulties were 
traceable to this fact ; he had known several cases where 
bearings had proved troublesome, which, when either lengthened 
or replaced by bearings of larger surface, had given very good 
results indeed. Bath lubrication was good in locomotive 
practice, and in stationary practice where applicable, but it was 
not often practicable. 

The PBBsmENT believed that spiral grooves in the necks were 
better than the oil flats. 

Mr. T. Settle thought the conical kind of bearing was wrong 
in principle. To make bearings larger would greatly increase 
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the cost. It was advisable to let the shaft in bearings have 
a little end play. 

Mr. A. G. Bbown said the firm with which he was connected 
had tried magnolia with great success. He did not hke to see 
the bottom brass made inaccessible in the bearings. 

Mr. Jos. Nasmith agreed with Mr. Oonstantine that the vast 
majority of cases of over-heating arose from too small shafts. 
To make them larger the extra cost would be very little. 

Mr. T. AsHBUBY asked if roller bearings had been tried to any 
extent. Pad lubrication was, he believed, first used in connec- 
tion with the railway from Alexandria to Cairo. 

Mr. T. Settle remarked that a firm about Manchester who 
were well known for the moderate size of the shafts they used, 
obtained better results than almost any other engineering firm. 

Mr. A. Saxon, in replying to the discussion, said, in his 
opinion, it was not so much diameter of bearing as greater 
length of bearing that was most needed. He believed pad 
lubrication could be more generally applied than bath lubri- 
cation. It was a matter of opinion whether a circular bottom 
step was the best form to resist the tendency, when a shaft and 
pedestal got hot, to clip the shaft. He thought the design of 
the wedge pedestal overcame that. Boiler bearings had not, 
to his knowledge, been much used so far as engine work was 
concerned, but he certainly thought they would come into 
force ; it would, of course, reduce friction considerably. 

Mr. T. AsuBUBT moved a vote of thanks to the reader of 
the paper. 

Mr. S. BoswELL, in seconding the motion, said he thought 
the twisting strain on the journal had a good deal to do with 
heating in a great many cases. 

The motion was carried, and the proceedings terminated. 



THE 

Scientific Work of Gustav Adolph Hirn, 

In 7 Chapters. (1848—1888) 

BY 

Mr. BRYAN DONKIN, M.Inst.C.E., 

OP LONDON. 



CHAPTER I. 

Eaply Life. — His Work; Expeplmental and Philosophieal. — 
Fan Experiments. — Friction Experiments. — Meehanical Theory of Heat. 

The principal facts in the life of Gustav Adolph Him have 
often been set forth, and most scientific men are familiar 
with them. Like the lives of many other pioneers of 
science, Him's career was in its outward conditions quiet 
and uneventful. He was not called upon to undergo the 
struggle with poverty, which so often falls to the lot of 
labourers in this field, nor had he the usual pecuniary cares 
and anxieties of those who devote themselves to unremunerative 
research. The comparatively easy circumstances of his life 
would have tempted many men to idleness and luxury ; with him 
they proved an incentive to steady and unremitting labour. But 
the universal recognition and honour he eventually attained were 
by no means the objects at which he aimed. If ever it might be 
said of any man that he loved work for work's sake, that man 
was Him. Nor did he start in life as a scientific discoverer. By 
the force of his keen curiosity, vivid intellect, and unconquerable 
love of truth, he was led from one investigation to another, and 
the goal before him was always the advancement of science, 
never his own profit. That he achieved both objects ; that his 
labours bore fruit, and his name is now venerated in his 
own country, and held in high esteem throughout the scientific 
world, in no way detract from the singular modesty and dis- 
interestedness of his character. 

Hirn was bom in 1816, and died in January 1890, at the ripe 
age of 74. His work therefore covers 60 years, and such a half- 
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century of scientific progress, the world has perhaps never known 
before. When he began his researches, in the vigour of early 
manhood, although steam was already applied to practical 
purposes, its action was imperfectly understood, and its properties 
had not been thoroughly studied. The causes of the various* 
phenomena manifested had never been systematically investigated, 
nor the theory and practical working of a steam engine compared. 

Still more striking was the ignorance that prevailed of the 
laws of heat. Heat is one of the primary forces, diffused as 
universally as light or air. The laws which regulate the 
action of steam cannot be determined, until they are traced back 
to the greater fundamental laws governing the phenomena of 
heat. Yet it was not till this century was well advanced that 
heat and its mode of action became the subject of scientific 
investigation. It is the merit of Hirn that he was among the 
first, not only to see the importance, but to undertake the task, 
of establishing on a firm basis the principles underlying the 
manifestations of heat. His studies of Friction, Superheated 
Steam, and the value of the steam jacket, led him to investigate 
the great laws he afterwards promulgated in his '< Theorie 
Mecanique de la Chaleur,'' and with Joule, Mayer, Olausius, 
Eegnault and others, he may claim the honour of having laid 
the foundations of the science of Thermo-dynamics. 

To determine and apply practically the laws of Heat was 
the chief aim of Him*s scientific work. Other collateral questions 
occasionally claimed his attention, but to this subject his main 
efforts were devoted. Beginning, as we shall show, with an 
independent discovery of the Mechanical Equivalent of Heat, he 
traced the principle through its various manifestations, from the 
then obscure phenomena taking place inside a steam cylinder, to 
the same great motive force revealed in the farthest depths of 
space. Heat and its equivalent of power were the keynote of all 
his studies. 

Him's work falls 4nto two divisions, experimental and philo- 
sophical, the concrete and th^ abstract. With the first he was 
chiefly occupied during the early part of his life ; to the latter 
he devoted his riper years. Circumstances caused him first to 
study the practical working of the steam engine, and the best 
method of utilising steam as a motive power. From this he 
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proceeded to examine the science of thermo-dynamios, as 
shown in a concrete form in machines and hnman beings, 
and finally the manifestation of the same laws in the relations 
of the solar and stellar systems. 

Although it is not proposed in the present sketch to deal with 
Him's life, bat only with his scientific work, it is impossible to 
pass altogether over the outward conditions of his early years. 
His maternal grandfather, M. Haussmann, was the founder of 
the large cotton mill of Haussmann, Jordan, Him & Go. His 
father was a partner in the firm, and also a distinguished painter. 
A two-fold bias was thus imparted to young Him's character. 
From his father he inherited his love of art, and habit of lofty 
generalization, and of a picturesque grouping of details even 
in abstruse theoretical questions. His mechanical turn of 
mind, his instinctive perception of scientific facts in their practical 
relations, which gave special value to his work, had been handed 
down through two generations of engineers. 

At an early age young Hirn who, owing to his delicate health, 
had never been allowed to attend school, entered the 
chemical laboratory belonging to the mill. Here he studied 
chemistry, and the knowledge thus obtained was afterwards 
usefiil to him. He did not, however, begin serious work until 
1846. About this time he was placed in charge of the steam 
engines working the mill, an office which he retained for nearly 
85 years. Thus he was a practical as well as a theoretical 
engineer, and throi^hout his life he made it a rule never to 
neglect any opportunity of study that came in his way. It was 
of great advantage to him to be able at once to test his theories 
practically, and to be compelled to pay attention to the working 
o( steam motors. Barely has it happened that a scientific 
man has at^his absolute disposal several types of engines, with 
time and opportunity to study under their changing phases the 
phenomena of steam ; and it is to this circumstance that we owe 
the invaluable series of experiments, extending over a quarter of 
a century, which contributed more to elucidate the theory of the 
steam engine than any other part of his work. 

His first paper, read before the Societe Industrielle de 
Mulhouse, Feb. 26, 1845, was on the *' Mathematical Theory of 
Fans." Although it had no connection with the important 
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subjects to which he afterwards devoted himself, it brought him 
into notice, and showed his exhaustive method of work. In it 
he propounded the following question : " Given a volume of air 
to be displaced under a certain pressure, the dimensions and 
speed necessary to produce this effect must be determined.*' 
Even at this early period he perceived the correct method of 
dividing power into (I.) That required for the independent 
action of the machine, and (11.) That absorbed by the actual 
work done. He next proceeded to determine the most suitable 
speed in proportion to the dimensions of the fan, and laid special 
stress on the shape of the vanes that would be found to give the 
best results. Finally he arrived at the conclusion that, to obtain 
the maximum effect, a fan ought to displace as much air as 
possible, and he established his proposition by various and 
prolonged experiments. 

Another small paper *' On the gauging of water over 
tumbling bays *' was read before the same Society, Feb. 25, 1846. 
Its object was to throw light on the then obscure question of the 
coefficients of contraction, with different heads of water. 

Although the subject has since been exhaustively treated by 
specialists, Him's remarks have not been disproved. In particular 
he drew attention to the influence of the lateral contractions on 
the head, and maintained that they must be taken into account, 
in establishing any theory of the fall of water over tumbling 
bays. 

These were preliminary efforts, nor had he yet ** struck " the 
line of scientific research in which he won fame. In 1846 he 
began a series of experiments on friction that have since become 
classic, for it was during these investigations that he dis- 
covered the Mechanical Theory of Heat. His original object was 
to determine the best and cheapest oil for lubricating the machines 
under his charge. He started with the already established fact 
that the amount of power absorbed in the friction of a machine 
varied from 65 to 100 per cent, according to the lubricant used. 
It was evident that by judicious selection, founded on a know- 
ledge of the properties of different oils, an economy of 85 per 
cent, might be realized. But in order to study the subject with 
the thoroughness he brought to bear on every question. Him was 
obliged to design special apparatus requiring the most delicate 
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adjnstment. It was at the very threshold of his experiments 
that he was confronted by one of the great primary principles of 
nature, — the law of the Mechanical Equivalent of Heat. The 
phenomena presented were new to him, as to all scientific men 
at that time, and it will not be without interest to describe the 
methods by which he arrived at his discoveries. 

Him devised a small instrument, consisting of a revolving 
wheel, which dipped into a basin containing the oil to be tested. 
Above it was a brake-block, on the top of which was a lever 
carefully balanced, and weighing 501bs. As the wheel revolved 
the lever was pulled round with it, and the equilibrium 
destroyed. To preserve its balance, the lever had to be 
weighted at the opposite end to the direction in which the wheel 
was rotating. Him soon perceived that the weight to be used 
varied according to the temperature generated in the wheel, by 
its friction against the brake. If the temperature was high, the 
weight required was small; if the temperature fell, a heavier 
weight was needed ; while if the instrument was allowed to 
work uninterruptedly, and to acquire a certain normal temper- 
ature (which depended on the lubricant used, and the temperature 
of the room, but was always higher than the latter) the mercury 
of the thermometer in the brake remained stationary for 
hours, and the weight ceased to fluctuate. This maximum 
temperature was attained, when the heat generated by the 
friction was exactly equal to the heat given out by the walls of 
the instrament. 

From a series of 86 experiments, varied in four different ways 
according to the nature of the oil used, and the number of 
revolutions. Him succeeded in verifying the law he had discovered. 
The principle thus established he expounded in the following 
words : '* Knowing the weight which will balance the friction 
at 0°, we can discover by calculation that corresponding to every 
other temperature, by dividing the first weight by a certain 
Constant number, multiplied by itself as many times as there are 
degrees from zero to Uie temperature required." This number he 
found to be about 1*0492, and it was applicable to all kinds of oil. 
The inunediate result of the experiment was to show that the 
specific value of the oil employed was of no consequence, the 
temperature generated by the friction being alone of real 
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importance. One oil might produce greater friction, and 
therefore a higher temperature than another, but this efEect 
could be counteracted, by applying cold water to reduce the 
temperature. 

Him further observed that the greater the weight on the 
scale, or the more work the wheel had to do, the higher the 
temperature. To verify this fact, he carried out about 80 
experiments with different kinds of oil. Each lasted about 20 
minutes,, and the number of revolutions varied from 88 to 100 
per minute. The quantity of heat developed fluctuated with 
the temperature of the instrument. In one experiment, where 
spermaceti oil was used, the temperature of the instrument was 
72° Fahr. and the heat developed = 66*9 calories.* 

Other experiments showed that the heat lost by the walls, 
or the number of calories evolved by friction, added to the 
specific heat of the instrument, varied in exact proportion 
to the difference in temperature between the instrument and the 
room. The greater this difference, the heavier the weight 
required on the lever. 

The proportion between the number of kilograms raised one 
meter, and the number of calories developed, was almost 
exactly 00027. This number divided by 1 gives ^n^i^ = 870, 
or 870 kilogrammetres per calorie evolved. 

From these data Him was able to deduce two laws, which he 
verified by repeated experiments. (I.) That the amount of 
friction representing so much work done, exactly corresponded 
to a given degree of temperature, and varied therefore with the 
lubricating properties of the different oils employed. (11.) That 
the quantity of heat developed by friction was in exact proportion 
to the mechanical work performed, and independent of the speed, 
the nature of the lubricant, amount of friction generated, &c. 
The second proposition, however, he was soon obliged to modify 
slightly. As the result of increased speed was naturally to 
increase the heat of any instrument, Him found it impossible to 
formulate the laws governing heat, without taking the speed into 
account. Heat was the effect to be calculated, but the speed at 

*One calorie is equal to* 8*968 British Thermal Units. 
One kilogranunetre is one kilogram (2-aibs.) lifted one metre =m SiK feet. 
772 ft. lbs. » 10*76 Kilogrammetres. 
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which any maohine revolved was the originatiiig canse. Speaking 
generally, the friction was in proportion to the square root of 
the speed; thua speeds equal to 1, 4, 9, 16, would produce 
friction of the value of 1, 2, 8, 4. These exact figures apply 
only in cases where the heat developed by work does not accumulate 
in the machine. Thus Him was amongst the first to discover 
that increased work, obtained by increase of speed, must be 
referred in reality to the greater heat evolved. 

Not content with the instrument already described for 
ascertaining the effect of friction, Hirn devised a second, to test 
different kinds of oil. Two wheels fixed to a shaft were 
governed by a third rotating on a lever placed at right 
angles; the weight required to keep this lever horizontal 
showed the amount of friction. 

Hir]i had arrived thus far in his experiments, when a paper 
in the ''Journal des D6bats,'* 1854, apprised him that his 
discovery of the Mechanical Equivalent of Heat had, unknown 
to him, been anticipated by both Mayer and Joule. With 
characteristic modesty and candour, he hastened to disclaim 
any prior merit, and applied himself to the humbler task of 
verifying the law, and establishing it on a firm experimental basis. 
That it was scarcely inferior in importance to Newton's principle 
of gravitation, and entitled to rank with Faraday's discovery of 
the chemical equivalent of electricity, Him maintained from the 
outset. But by reason of its great and far reaching effects, 
the law needed to be investigated, and confirmed by the 
independent testimony of many scientific men. 

We have seen that Hirn, when he fixed the Mechanical 
Equivalent of Heat at 870 kilogrammetres per calorie, differed 
from Mayer, who placed it at 865 kilogrammetres, and from 
Joule, who determined it at 417. Hirn at first thought his own 
number too high. The mean of two experiments on friction 
with different kinds of oil gave 864*5 kil. met., or almost 
exactly the same figure as Mayer. Nevertheless it appeared 
to Hirn impossible that, if the trials were rightly carried out, 
there should be so wide a difference between the results Mayer 
and he had obtained, and those of Joule. The fact seemed 
to imply that the newly discovered law did not admit of 
universal application, which would be fatal to its value for 
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sdentifio purposes. Farther stndy oonTinoed him that the 
fanlt lay, not in his trials, but in the conclusions he had 
drawn from them. Nothing but repeated experiments could 
set the question at rest, and determine the right number. 

Although by this time fully aware that the law applied not 
only to friotioni but more or less to every other natural 
phenomenon, Him continued his researches, well assured that 
every branch of the subject thoroughly investigated was a 
distinct gain to science. There are two kinds of friction, viz : 
(I.) Where surfaces are in direct contact, and disintegration 
takes place. (II.) Where some lubricating medium is interposed 
between them. In each case EUm found that the coefficient, or 
proportion between work and heat, the mechanical equivalent 
in fEMst, varied, though not as much as he had at first supposed. 
It was highest, 425 kilogrammetres, where complete dis- 
integration took place, and lowest, 815, when a lubricant 
was employed. 



CHAPTER II. 

Ezpeplments on the Steam Enerine to determine the Transfopmation of 
Heat into Work. — Steam Jackets. — Single Cylinder Engines. — 
Economy obtained, about 23 %. — Heat Balance. — Economy in 
Superheating Steam. — ^Influence of the Walls of an Engine Cylinder 
upon the action of the Steam. 

From friction Him proceeded to studies of great practical 
utility. He soon saw that the new law contained a refutation 
of a theory which had hitherto been accepted. This was that 
matter could be annihilated, which Him shewed to be 
impossible. Nothing that exists in the universe can disappear ; 
it can only be transformed into some other force or substance. 
''One kilogram," he says, << falling a distance of 865 metres, 
acquires a force which is capable of doing work represented 
by 865 kilogrammetres. The movement of the weight is 
destroyed, but is replaced by a given amount of heat called 
a calorie. In other words, a dynamic force is, not destroyed 
but, translated into another force. To create a force, that 
is to bring something into being which had no previous 
existence is impossible, but '<£Eu$ts show positively that in 
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millions of oases a principle is manifested which was not 
apparent before/' Him here expresses himself with caution 
upon a subject which was still open to much question, but 
he allowed that at least a pre-existing force is compelled to 
show itself, where its presence had not formerly been suspected. 

The second theory he examined, and hoped ultimately to 
determine by the aid of the Mechanical Equivalent, was that 
heat, motion, electricity, light, were parts of one primary 
principle, and not each of them separate forces. Both these 
subjects he afterwards treated more fully. 

On the great question of heat there were at that time two 
theories. In the early part of the century Oamot and Clapeyron 
maintained that heat could neither be destroyed nor trans- 
formed, nor could its quantity in any given body be modified. 
According to the second and later theory, heat was not 
destroyed, but transformed into motion, and thereby lost as 
heat, to reappear as power. As was always his practice, Hirn 
endeavoured to solve these abstruse questions by deductions 
drawn from actual experiments. Nowhere could the theory of 
heat be better studied than in the steam engine, and he 
therefore turned his attention to the phenomena presented 
by these motors. 

If, he argued, Gamot's theory were correct, and heat being 
indestructible merely passed through and expanded in an 
engine cylinder, all the heat coming from the boiler would 
be found in the water ejected by a condensing engine. Every 
student of mechanical science now knows that this does not, and 
cannot happen, but at that time (October 1854), the experiment 
was comparatively new. When Hirn authoritively announced, as 
the result of innumerable trials, that a large part of the heat 
actually disappeared in its passage, his assertion was as startling 
to men of science as a fresh discovery. Not only, if it could be 
verified, did it render untenable the theory of heat hitherto 
held, but it confirmed the great law of Mayer and Joule. This 
disappearance of heat proved incontestibly, first, that the heat 
was transformed into some other force ; and, secondly, that this 
force could be nothing but motive power, and thus the Mechanical 
Equivalent of Heat was established. 
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To demonstrate this proposition, Him was obliged to consider 
the whole question of the action, development and expenditure 
of heat in an engine. This was best exemplified by studying the 
action of a steam jacket, to which subject he next devoted 
himself. By the middle of the century, the use of Watt's steam 
jacket had fEkUen into general neglect, because it was supposed to 
waste heat. Him, however, was persuaded that the subject had 
not received sufficient attention, and that a careful examination 
of the phenomena presented by a jacketed engine would advance 
the knowledge of thermodynamics. 

The cotton mill at Logelbach contained the following motors. 
1. Three Jouval turbines. 2. A Woolf double cylinder con- 
densing engine, steam jacketed, of 112 H'. 8. A single cylinder 
engine, without jacket, and with variable expansion, of 110 H'. 
Having these engines at his disposal, Him possessed two 
advantages. First, he was able to work them under close 
supervision ; secondly, by driving them first with water, the 
exact H^ of which was known, and then with steam, he could 
measure accurately the amount of power generated. 

Most of the experiments were made upon the Woolf engine. 
He found at the outset that it gave 106 H^ when the steam jacket 
was used, and only 82 H' without. In another trial the same 
figures were obtained. When working steam jacketed at a pressure 
of 8} atmospheres, the euginegave 104 H'; without a steam jacket, 
the diminution of power was 24^ H', or a loss of 28^ per cent. 
Against this it might be urged that the steam in the jacket being 
hotter than the steam in the cylinder, the outside walls must part 
more rapidly with their heat, and this was probably the reason 
why the use of the jacket had hitherto been neglected. In the 
larger engine, with a steam jacket pressure of 8i atmospheres, 
the quantity of water per stroke was 5^ per cent, of the total 
weight of steam used ; without a jacket, other conditions being 
the same, it passed to the condenser. 

Hirn considered that the jacket dried the steam, and afforded 
time for the evaporation of the water carried with it from the 
boiler. The economy could not be wholly referred to the 
increased pressure of the expanding steam, caused by the jacket, 
although Him perceived that the two were in some way connected. 
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The next points to determine were 1. — The proportion between 
the pressures and the volumes of the steam at its maximum 
pressure, when still communicating with the boiler. 2. The 
same proportion when the steam was separated from the boiler, 
and expanded without addition of heat. 8. The same proportion 
under the same circumstances, but with heat added to the 
expanding steam. 

The proportions between the pressures and the volumes were 
not found to agree with the theoretical values given in the 
Tables. In experimenting with the Woolf engine Him 
observed that a kilo, of water yielded nearly ^th less steam in 
practice than in theory, and when passing from the smaller 
to the larger cylinder, the pressure fell from 8| to 1 ^ atmospheres, 
instead of to 8 atmospheres. Part of this loss must be attributed 
to the impossibility of equalising instantly the pressure in the 
two cylinders, yet when a jacketT was used, the pressure io the 
larger cylinder fell only to 2 atmospheres. If the reason of this 
difference could be discovered, it would probably account for the 
advantage of the steam jacket. Evidently there was a decrease 
of pressure during expansion, which caused the steam to occupy 
less space than it was supposed to do, and partial condensation 
took place. This fact Him verified by repeated experiments. 
When a jacket was used, it prevented this condensation, and 
arrested the contraction of the volume of steam. As a 
consequence, there was no sudden diminution of the pressure 
during expansion, and a gain of 28 per cent, was the result. 
The heat taken from the jacket to produce these good effects 
was so small a fraction of the total heat, that practically, the 
increase of power obtt^ned by expansion without loss by 
condensation, cost little or nothing. 

That the jacket acted directly upon the temperature of the 
steam was also proved, by testing the heat of the steam passing 
into the condenser. With a jacket the temperature of this steam 
was found to be higher than without, and the pressure in the large 
cylinder was also higher. These experiments were made ou the 
Woolf compound engine. The water deposited in the jacket 
proceeded from three sources ; first, that brought with the 
steam from the boiler ; secondly, that condensed by the colder 
outer walls of the jacket ; and thirdly, that condensed in 
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heating the inner cylinder wall. Aooording to Him's oa]oalations 
the economy of fnel resulting from the use of the jacket 
was 227o. 

From these experiments he deduced a series of propositions, 
all of which he verified practically. The first was that steam, 
when passing from its maximum to a lower pressure, is always at 
a higher temperature than that corresponding to its acfcual 
pressure. Whether a jacket be used or not, the pressure is always 
less than is due to the temperature of the steam. Secondly, when 
steam at its maximum pressure is allowed to expand, part of its 
latent heat disappears. To explain this apparent anomaly. Him 
adopted a new and valuable method of experiment, and succeeded 
in calculating the exact number of calories developed in the work 
of a steam engine ; in other words, he was able to reckon, how 
much heat went into, and how much came out of, the engine. 
This he called the Heat Balance Account of an engine, and this 
method, ori^nated by him, is now universally used. To determine 
the heat sent from the boiler to the engine was comparatively 
easy, but it was more difficult to ascertain how much heat came 
from the cylinder, and until this was known, no prcbctical and 
reliable theory of the steam engine was possible. 

Three careful sets of experiments were undertaken. (I.) With 
the Woolf engine without steam jacket ; (II.) With the Woolf 
engine with steam jacket, and (HI.) With the single cylinder 
engine without a jacket. In each case prolonged trials were 
made, all the data noted, and also the heat passing in and coming 
out of the engine. It was found that a certain number of 
Heat Units disappeared per stroke, and this Him attributed 
to loss by expansion, or loss by condensation of the steam. 
He also confirmed his second proposition, that a part of the 
latent heat of steam disappears during expansion. When 
no jackets were used, a smaller number of T. U. were lost by the 
single cylinder than by the compound engine. 

The third proposition he deduced was that steam, if gradually 
condensed at the same pressure, gives back during re-evapora- 
tion all the heat it had absorbed. If the heat entering the 
boiler, and coming from the condenser, in a non-expansive 
engine were measured, they would be found equal. In his 
experiments the number of expansions were 4 in the Woolf 
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engine, and 2^ in the single cylinder engine ; the loss of heat 
was one-fonrth more in the first than in the latter case. 

The verification of the Mechanical Equivalent of heat in these 
trials afforded another confirmation of Him's argument. The 
number of kilogrammetres per calorie was 148 in the Woolf 
engine when jacketed, and only 99 in the same engine, non- 
jacketed, or about 50 per cent, more in the one case than in 
the other. These figures are much ' lower than Joule's or 
Meyer's. Him attributed the discrepancy to the fact that 
their Mechanical Equivalent had reference only to permanent or 
perfect gases, and did not apply where any change took place 
in the substance of the bodies acted upon. Such a change 
was certainly produced in the steam engine, since he had 
proved that steam, when expanding, was partially condensed. 
As the additional heat imparted by the jacket to the steam 
during expansion, did not wholly prevent this condensation 
and loss of power, Hirn began to consider the possibility of 
superheating the steam, and thus raising the performance 
of the engine to Meyer's figure of 870 kilogrammetres per 
calorie. 

If steam at a pressure of 5 atmospheres enters a cylinder 
and falls to 8 atmospheres, its temperature will not (as we 
have seen^ be that corresponding to such a pressure. Being 
slightly superheated, it will expand more freely, occupy a 
larger volume, and less steam will be required to perform the 
same work, than if saturated steam at 8 atmospheres be used. 
In a steam jacket, Hirn considered it of especial advantage 
to keep the steam in the jacket at high pressure. The ratio 
of work due to every addition of heat increases so much, that 
even the heat generated by the friction of the piston is of 
value, and more than counterbalances the greater power 
required to overcome the resistance offered. 

The question of superheating steam next engaged Hirn's 
attention. Every practical student of the steam engine should 
always aim at economising the combustible, and increasing the 
efficiency of the motor, and both these results might, in his 
opinion, be obtained by the use of superheated steam. In the 
experiments he undertook, the same engines were employed 
as before. The superheating apparatus consisted of a number 
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of horizontal cast iron pipes, heated by the gases from the 
boiler. By opening and shutting a valve, the steam could 
either be turned into this superheating apparatus, or sent to 
the cylinder- in its normal condition. Superheated and 
saturated steam were used on alternate days. Each experiment 
lasted a whole day, the pressure was constant throughout, 
and no jackets were used. These experiments were made 
about the year 1866. 
The following Table gives a summary of the results : — 

L Experiments with the Woolf Engine. Steam piessore, 3| atmosphers 
= 65ib8. 



Steam saperheated 67® 0. = 152*' F. 
Steam oonsomed per stroke O'Sllbs. 
Indioated horse-power . . 107. 



Saturated steam. 

Steam consamed per stroke 0*901bs. 

Indioated horse-power . . 102. 



XL Single Cylinder Engine. Steam pressure, 3| atmospheres 



Steam saperheated 87° 0. = 188'' F. 
Steam consumed per stroke, 0*761b8. 
Horse-power 110. 



Saturated steam. 

Steam consumed per stroke . one lb. 

Horse-power 100. 



m. Single Cylinder Engine. Expansions, 6. Pressure, 4i atmos- 
pheres — 661bs. 



Steam superheated 9V C. = 194'' F. 
Steam consumed per stroke, 0'831bs. 
Indicated horse-power . . 128. 



Saturated steam. 

Steam consumed per stroke, l*071bs. 

Indicated horse-power . . 102. 



These figures proved that the economy of this superheating 
with the Woolf engine was 20 per cent. ; with the single 
cylinder engine, when the steam was superheated to 188° F., 
81 per cent., and with the same engine with 194° F. superheating, 
47 per cent. 

Having shown that the action of the steam jacket consisted 
in preventing condensation, and increasing the volume of 
steam and the pressure, Him argued that if before expansion 
the steam is charged with a still greater quantity of heat, this 
beneficial action must be even more strongly marked. The 
advantages obtained by superheating may be summed up as 
follows : I. Evaporation of the water contained in the steam. 
n. Increase in the volume of steam. IH. Modification of the 
laws connecting the volumes and pressures of the steam. 

I. The first function of superheating is to evaporate the 
water carried in the steam from the boiler. Since however the 
amount of water in the steam during Him's experiments was 
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only about 4 or 5%, and the economy effected by superheating 
ranged from 20 to nearly 60%, it could not, he considered, be 
wholly attributed to the evaporation of this insignificant 
quantity of water. Superheating would appear to act rather 
by diminishing the amount of steam required to perform 
certain work. 

n. The phenomenon of expansion by heat, although mani- 
fested to a certain extent in all bodies, solid, liquid or gaseous, 
varies greatly, but all gases expand in proportion to 
their temperatures. According to Gay-Lussac's law, steam 
above 275° F. (a pressure of 8 atmospheres) becomes a 
perfect gas, and dilates with every increase of temperature. 
Therefore as it passes through the superheating apparatus, 
and becomes heated, it expands, and this process only ceases when 
no more heat can be imparted. As in expanding, superheated 
steam occupies a larger volume than saturated, a smaller 
quantity must pass out at one time, the speed and pressure being 
the same, and hence a real economy of steam is effected. In 
the Woolf engine, when superheating was employed, the economy 
of steam per stroke was 8*7 per cent. The increase in the 
volume was 1*09. In the single cylinder non-jacketed engine, 
the economy of steam per stroke was 19 per cent. The increase 
in volume was 1*24. The reason of the greater apparent 
economy of the single cylinder engine is that, owing to the jacket, 
the thermometer used in the Woolf engine did not show the real 
temperature of the steam. 

But did this economy of steam represent an equal economy of 
fuel ? Him answered this question affirmatively by his new method 
of measuring, not the quantity of coal consumed, but the actual 
number of T. U. developed. 

Having thus determined the economy of fuel, the next question 
was, why an increase in power of only 5 H' was shown in the Woolf 
jacketed engine, when the steam was superheated. Although the 
single cylinder engine was under the same conditions, whether 
superheating were employed or not, except as regards the jacket, 
and the pressure and the dimensions of the valves and passages 
were the same, yet the steam being more rarified, its density was 
less, and through the same orifice, a larger quantity passed 
into the cylinder than with the Woolf engine. The pressure in 
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the oylinder was ooDsequently higher, and the back pressure to 
the condenser less. Not only was there a greater increase 
of H^ with superheating, but the gain in power obtained with a 
non-jacketed, was greater than with a jacketed engine, in this 
particular case. 

It was during these experiments that Hirn's attention was 
drawn for the first time to another phenomenon, affecting the 
internal working of the steam engine. He had for some time 
suspected, and was among the earliest observers to establish, the 
great influence of the walls of the cylinder upon the steam. 
Repeated experiments showed that they must be considered as 
reservoirs of heat, ^' The influence of these walls,'* he says, '4s 
such that they completely modify the so-called natural properties 
of the steam, and none of the laws having reference to steam 
considered in itself can be applied, without correction, to the 
theory of a steam engine." From hence he deduced a fourth 
reason for the advantages obtained by superheating steam, 
namely that the walls of the cylinder become themselves hotter, 
and exercise so beneficial an influence on the steam as it 
expands, as actually to modify the law of expansion. Since 
however the results varied with each type of engine, he desired 
to test the effects of superheating on five different kinds of 
motors. 

1. Double cylinder non-jacketed engine. With saturated 
steam, a loss of 25 IP was occasioned by the absence of the 
stean! jacket. With superheated steam the increase in power 
was 7 £P. The smallness of this gain he attributed to the loss 
of heat and power, due to the cooling action of the walls of the 
larger cylinder, which were not affected by the superheating. 
The same result, though to a less extent, applies to the 

2. Double cylinder jacketed engine. Hirn had already main- 
tained that, other circumstances being equal, where superheating 
was employed, a double cylinder jacketed engine was superior 
to a single cylinder engine without a jacket. In the experiments 
he undertook with engines of this class, the economy of steam, 
due to superheating, was 20 per cent. 

8. Single cylinder non-jacketed engine. Here the great 
influence of the action of the walls was more marked. The density 
of the steam in the cylinder corresponded to a pressure of li 
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atmoBphereSy and it contained 28 per cent, of water. This large 
percentage could not all have been brought from the boiQer ; part 
of it musty he considered, consist of water condensed against 
the walls. With saturated steam, 18% of steam went to heat the 
walls, and was condensed as water. With superheated steam no 
water was produced in the cylinder, but the cooling influence of 
the walls caused the steam to become denser, even while 
expanding. With steam superheated 194^ Fahr., the engine 
gave 128 H^, instead of 102 B? with saturated steam. 

4. Single cylinder jacketed engine. Him was not able to 
obtain an engine of this description to work upon, but he 
calculated that in such a case superheating would only modify 
slightly the power given by the engine. 

5. Non-condensing expansive engines. These may be divided 
into two kinds, where the steam escapes into the air, and where 
the steam is utilised for other purposes. Him does not appear 
to have made any experiments upon this class of engine. 

His new and original method of establishing a balance of 
Heat enabled him to take into account the heat of every part 
of the engine, . and even to reckon that developed by the 
friction of the piston rings. The work consumed by the 
piston of a motor he estimated at 5 per cent, of the whole. This 
percentage is due to the heat generated by the piston, which 
passes into the steam, and helps to increase the work done. 

From the foregoing examples Him proved that where super- 
heating was employed with a steam jacket, the advantage was 
greater with a single cylinder than a double cylinder engine. 
The former consumed one-flfth more saturated steam than the 
latter, while both required about the same quantity of superheated 
steam. Thus superheating establishes a kind of equilibrium 
between the two types of engine, to the advantage of the simpler 
motor. 

On the following points, however. Him was still in doubt ; 
whether Joule's figure of 417 kilogrammetres per calorie were 
a constant, or varied according to the class of phenomena to 
which it was appUed; whether the mechanical work corres- 
ponding to the calories developed is produced directly or 
indirectly ; and lastly whether this law of Thermo-dynamics 
was a manifestation of one primary principlei or in itself 
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represented a new and separate force. To the solution of these 
questions he next devoted himself. 



CHAPTER III. 

H«at proved to be a soDarate fopce, — "Theopie Meeanique de la 
Chaleup." — Eztepnal and Intepnal Wopk. — Satupated op Supep- 
heated Steam; Laws ffovepnins the aetion of Gases. 

These practical investigations had heen undertaken to elucidate 
the great primary laws of nature. It was not, however, till 1857, 
after making his third series of experiments on superheating, 
that Him was in a position to answer the abstruse questions 
that were agitating the scientific world. His labours, extending 
over more than 10 years, were at last beginning to attract 
attention, and others sought to verify the accuracy of assertions 
so startlingly at variance with the received opinion of the day. 

The basis of all his studies was heat, its laws and principles. 
To those who maintained that heat, light, electricity, were 
all manifestations of one primary force, he was now able 
to reply that this was not the case. Each was a separate 
force, capable of being transformed into another, but none 
could be destroyed. ** The heat,*' he says, ** which appears 
or disappears in any phenomenon is neither created or destroyed ; 
it is modified in its manifestations. The moment it causes 
movement, it ceases to reveal itself as a principle of heat, because 
it cannot manifest itself at the same time in two different ways." 

Heat is capable of counterbalancing some other force, in any 
body to which it has communicated its properties. From an 
economical point of view, therefore, there is no gain in replacing 
one force by another, as heat by electricity, and this rule Him 
illustrated by various examples. 

His experiments and conclusions were summed up in his 
masterly work, ** Th^orie Meeanique de la chaleur,*' published in 
1862, in which he treated the subject of Heat theoretically, 
philosophically, and practically. Although much in this book 
deals with abstract science, with which the present sketch is not 
concerned, no account of his work would be complete without a 
short summai^ of the principles it contains. These may be 
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passed rapidly in review, beoaose many of his experiments had 
been previonsly given to the world in his shorter papers. 

The Theory of the Mechanical Equivalent of Heat, and the 
science of Thermo-dynamics evolved from it, were established by 
this time on a sound experimental basis. The importance of the 
law was fully recognised as forming the link between physics and 
mechanics, but it still needed to be verified. 

Hirn began by laying down the proposition that Thermo- 
dynamics did not require an exact definition of Heat in itself, but 
only of the proportion of heat to work done, in solids, liquids, 
and gases. This proportion was evidently a constant ; the reason 
why the mechanical coefficient varied was, because the exact 
figures forming the basis of calculation were not accurately 
known. From the numerous experiments he had already pub- 
Ushed, Hirn felt himself justified in deducing three propositions. 
I. Heat disappears whenever a force acting outwards from within 
a body produces external work. In like manner heat is produced 
whenever a force acts from without upon a body. 11. The heat 
lost or gained is always in proportion to the work done on or by 
the body (internal or external work). III. A constant relation 
exists between these quantities of heat, and the quantities 
of work produced. 

I. The first proposition he had already amply illustrated in 
its effects on friction, disintegration of solid bodies, compression 
and expansion of bodies, and especially of gases. If a body be 
compressed, that is, if pressure be brought to bear on it, heat is 
evolved, and it becomes hotter; but if, afber compression, it is 
allowed to resume its original volume, no work is performed, 
and the body cools. 

Heat was next considered in the effects it produces by 
changing the shape of bodies, elasticity, the contact of two 
substances, heat of thermal motors, electro-magnetic machines, 
animals and human beings. To prove that the latter were 
subject to the same heat effects as inorganic bodies, he made 
many curious an.d interesting experiments on himself and other 
people. These he amplified later ; indeed, through life, the subject 
had a carious fascination for him. The following example will 
show his line of argument. Each gramme of oxygen introduced 
into the human body represents about 5 calories. Now, if a person 
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when at rest, assimilates 80 grammes of oxygen per hoar, they 
will produce about 150 oalories. If he ascends a staircase steadily 
and regularly, his quickened respiration will cause him to 
assimilate, say 150 grammes oxygen, representing 750 calories 
in a state of repose, and 700 calories when in action. If he goes 
down a staircase, and assimilates the same amount of oxygen, 
there will be an increased manifestation of heat equal to 
800 calories. 

II. The second proposition brought Hirn back to the pheno- 
mena of steam motors. The chief type representing the con- 
nection between heat and work was the steam engine. That 
there was a relation between the heat developed, and the work 
performed, was admitted by all scientific men, but they were not 
yet prepared to allow that the proportion between the two was 
fixed and invariable. It was still thought that the abstruse 
problems presented by steam motors could not be solved by so 
simple a law. Hirn maintained that these were questions of 
fact, which could only be determined by collating a large number 
of experiments made by independent observers. 

In the steam engine the motive power was heat. Him's 
method of striking a balance of this heat enabled him to deter- 
mine with certainty that, under whatever conditions a steam 
engine worked, with or without expansion, with variable or the 
same pressures, superheated or saturated steam, there was 
always an exact proportion between the work performed, and 
the difference between the heat going into, and coming out of 
the cylinder. Thus, in a stea.m engine, let the boiler pressure 
be maintained constant at five atmospheres = 751bs., the tem- 
perature of the superheated steam at 482° F., and the boiler H' at 
100, with six expansions. As long as the admission valve is fully 
open, the steam pressure in the cylinder will be nearly equal to 
that in the boiler. If the admission valve be one-third closed, 
the pressure in the cylinder will no longer be five atmospheres, 
because the steam is throttled, and the expansions will fall to 
three. Therefore, to prevent a decrease in the H', 800 grammes 
of steam will be required instead of 200, for since one-third 
more resistance has to be overcome, one-third more steam must 
be supplied. Now if there is a law of proportion between the 
heat furnished and the work done, the one-third more heat 
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contained in the steam shonld be found in the condensing 
water. 

To verify this assertion. Him experimented on two single 
cylinder condensing engines, a large and a small one, with snper- 
heated steam and variable expansion, one running at 98, the 
other at 27 revolutions. The conditions were uniform, except 
that in one case, the admission valve was open, and in the 
other partially closed. The result showed that a law of proportion 
governed the heat and work in a steam motor. 

in. In his third and last proposition he sought to determine 

the value of this proportion, i.e., the numerical basis of the 

Mechanical Equivalent. This could not be obtained from a 

steam engine, because of its complicated mechanism ; but it 

appeared to Hirn that, if the correct value were arrived at by 

other means, the performance of a heat motor might be accurately 

calculated from it. With this object he undertook four kinds of 

experiments, first on the friction ot liquids (a subject he had 

already treated) ; next on the flow of water under great pressure. 

The water was raised 1*0457^ in temperature, and a weight 

of 452*8199 kilos fell 1 metre, or 1 kilo, from a height of 

452*8199 
452*81 met., giving ./^^r^ = 488 as the mechanical equivalent. 

The third test was on the fall of solids, and lead was selected as 

a typical example. A heavy iron ram descended vertically 

upon a block of iron. Between the two a piece of lead was 

interposed, and the height of recoil calculated. The weight of the 

ram crushing the lead was represented by 280 kilogrammetres ; 

280 
the heat produced was equal to 0*65 cal., or^-^- = 425.' 

0,00 

The fourth experiment was on the expansion of gases or highly 
compressed air, and the mechanical equivalent was 441*6. This 
value is probably too high, because air is always slightly heated 
by the mere act of compression. It will be observed that these 
figures were much higher than those formerly obtained. The 
results were : — 

1. Crushing of lead. Mechanical Equivalent, 424*5 kilogrammet's 

2. Friction of liquid, ,, ,, 432 
8. Fall of water, „ „ 488 
4. Expansion of gases, ,, ,, 441*6 



It 
if 
11 
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The number 482 appeared to him the most correct, bnt other 
writers fixed it at 425. 

Him divided all the heat contained in bodies into 8 classes. 
I. Heat employed to surmount external pressure, in other words, 
to perform external work. II. Heat used to overcome resistance 
within the body, or to perform internal work. III. Heat modi- 
fying the temperature of a body, or its calorific power. By 
varying the quantity of work performed and of heat added and 
subtracted, he proved that an exact proportion exists between 
heat and work. He found that " the differential volume of the 
body, and the total external and internal pressure, are continually 
dependent one upon the other, and connected by certain laws." 
This rule was the same for all bodies, if the temperature was 
equal. The mechanical theory of heat comprised the phenomena 
relating to external work, and the heat thereby developed, and 
the phenomena of internal work, or heat within the body. In 
all bodies their total volume, the external pressure and the 
temperature, are so closely connected that, if two of these 
attributes be given, the third can be deduced with certainty 
from them. 

There are four different ways in which heat can be applied to 
bodies. I. Where the body receives a certain quantity of heat, 
and expands, remaining at the same temperature. 11. It 
expands without the addition of heat. III. It contracts, and the 
heat thus set free is withdrawn. lY. It contracts without 
the withdrawal of heat. All these phenomena are presented by 
saturated steam, superheated steam, gases and liquids. The 
maximum pressure of saturated steam is entirely a question of 
temperature. For different liquids, the pressure exactly cor- 
responding to each degree in temperature had been determined 
by Begnault, but Hirn wished to discover the law underlying 
this relation of heat to pressure, in other words, the total amount 
of heat contained in any liquid, and that required to evaporate it. 
With this object he experimented upon saturated steam, vapour 
of sulphuric ether, and vapour of sulphuret of carbon, selecting 
these substances, because of the great differences in their chemical 
composition and properties. The number of heat units required 
to evaporate lib. of each, and the corresponding pressure were 
ascertained. 
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From these considerations Him passed to the more praotioal 
question of the amount of heat necessary to perform a given 
amount of work in a steam engine. He had ahready discovered, 
independently of Clausius and Bankine, that steam when expand- 
ing, and by reason of its expansion, condenses, and thus decreases 
in temperature. Hence the utility of adding heat to it during or 
before expansion, either by superheating, by a steam jacket, 
or by both. Sufficient attention had not, in his opinion, been 
paid to the quantity of water, mixed with steam, passing from the 
boiler to the cylinder. In a trial of steam boilers made at 
Mulhouse in 1859, it was found that although the quantity of 
steam evaporated in the different boilers per lb. of coal varied 
from 6i to 81bs., the amount of combustible required for work- 
ing the engine scarcely varied at all. This he attributed to the 
different quantities of priming water carried into the cylinder 
with the steam from different boilers. 

Formerly a difference was made between gases, and steam or 
vapour, which does not really exist. They vary in degree, but 
not in kind, according to the greater or less quantity of heat in 
them. Gases superheated beyond saturation point, and which 
it has not yet been found possible to condense, are called 
permanent gases. To superheat steam, therefore, transforms it 
for the time into a permanent gas, and makes it subject to the 
laws which govern the constitution ol gases. If with superheated 
steam the pressure is allowed to fall rapidly, it is reduced to 
the condition of saturation, but the coefficient of expansion 
varies with the temperature, instead of being a constant, as 
had hitherto been supposed. 

The following phenomenon proved that the same laws would 
not apply to superheated and saturated steam. If saturated 
steam at a pressure of 10 atmospheres fell to 1 atmosphere, its 
temperature decreased from 856° F. to 804° F., or a difference 
of 52°, but if it was superheated 148° F., its temperature, with 
the same loss of pressure, fell only to 484° F., or a difference 
of 84°. 

Another general law formulated by Hirn was that <* the total 
potential work of any body is exclusively proportional to the 
absolute temperature of that body, and is represented by the 
beat set free in it." 
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It was while investigating the nature of gases that Joule made 
his great discovery, and the subject possessed deep interest for 
Hirn, though it scarcely attracted him as much as the equally 
important question of steam. He proved that the more a gas 
is rarified, and the further removed from its point of liquefaction, 
the more exactly it will obey the general laws that govern the 
action of gases. The greater the expansion of the volume of 
gas in proportion to the temperature, the less will be the internal 
pressure. The subject, however, was still too imperfectly 
understood to formulate a theory concerning it. To do this, 
Hirn found that it would be necessary to know what amount of 
spontaneous superheating took place in a gas when falling to 1 

atmosphere from 2, 8, 4 100 atmospheres. To this 

question he afterwards reumed. 

The other branches of the subject, those applying to liquids 
and solids, had been already studied by Zeuner, and Him had 
little to add to the researches of the German physicist. 



CHAPTER IV. 
Study of the Steam Engine and of the aetlon of the Walls. — Condensa- 
tion. — Contest with Zeuner. — Atomie Theory. — Calorifle Foree. — 
Molecular Attraction. 

Hitherto Him had dealt only with the law of the Mechanical 
Equivalent, as manifested in steam, gases, liquids and solids. 
He now proceeded to apply his formulsa practically to thermal 
motors, and to set forth his experimental theory of the steam 
engine. 

It is, of course, impossible that any machine can, under any 
conditions, give its maximum of work done for the heat received. 
The difference between engines with saturated and superheated 
steam, gas engines, &c., is simply that one kind approximates 
more closely than another to the theoretical efficiency. Nor 
can all the work be utilized or strictly proportioned to the 
heat expended, because of the imperfect conditions imder 
which every engine works. Between the theoretical and actual 
work, or in other words, what Him called the "generic" and 
the ''practical" efficiency of a steam engine there is a great 
difference, because the latter alone takes count of the friction 
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of the parts, and the range of working temperature. In spite of 
its defects, however, Him considered steam to be the best motive 
force, beoanse it does not vary in temperature, except during 
aotnal work. Even its change of physical condition, from water 
to steam is of advantage, because the greater the range of 
temperature, the more work is performed. 

A steam engine can be studied either theoretically or experi- 
mentally, or by combining the two methods, but in any case the 
phenomena it presents can only be examined externally. It may 
be divided into three parts ; the cause of action or motive power ; 
the working agent ; and the moving parts, which translate the 
power into motion. All these are brought into play when the 
engine works, and it is as misleading to neglect the effect of the 
parts, such as the cylinder walls, piston, &c., on the final results, 
as to ignore the Force itself. Heat, or its intermediary agent. 
Steam. Such had been the case in what might be called the 
Generic theory hitherto adopted, and the beneficial effects of the 
steam jacket had consequently been ignored or denied. In 
gas motors the same error had arisen ; the practical results 
had never been found to agree with the theoretical, partly 
because, in gas as well as steam engines, the influence of the 
cylinder walls had not been taken into account. It was reserved 
for the new Theory of the Mechanical Equivalent of Heat 
to set forth their action in its true light. Him had proved 
that the cylinder walls, piston, and other parts of the engine 
abstracted heat from^ and returned heat to the steam, and 
it was therefore impossible any longer to apply the old theories. 
The more the subject was studied, the more complex it appeared, 
and Him even doubted if it were feasible to construct any exact 
or practical theory, which would apply to the varying conditions 
of a steam engine. 

Until now he had attributed the beneficial effect of the steam 
jacket solely to its action upon the steam when expanding, 
but further experiments showed its influence upon the action 
of the cylinder walls. In the Woolf double cylinder engine, the 
gain must be chiefly attributed to the effect of the walls, which 
with a jacket were of a uniform temperature of 141^ 0., and 
without it at a much lower mean temperature. By careful 
experiment, he found that with a jacket the walls famished 
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about half as mnoh heat per stroke as in theory they should 
have yielded. Practically, therefore, half the amonnt of heat 
did the same work, because of the difference in the method of 
adding the heat. By taking the weight of the steam, and the 
proportion of water known to be in it, and calculating the 
expenditure per stroke, he found that the quantity of steam 
condensed during admission was, in a small engine, 60 per 
cent, of the total amount, and 80 per cent, in a larger engine. 
No part of this loss was due to leakage ; it was due to condensa- 
tion against the walls. No more conclusive proof could be 
given of the futility of calculating the expenditure of steam in 
an engine, and neglecting the influence of the walls. Upon 
these facts Hirn based a most important law, now generally 
accepted, namely, that when steam is introduced into a reservoir 
of fixed dimensions, the walls of which are not of the same 
temperature throughout, the final tension of the steam corres- 
ponds to the lowest temperature. 

Him seemed to divine by intuition what was the effect of the 
temperature of the cylinder walls upon the steam. Not only was 
he one of the first to notice it, but he was able to describe in 
detail what he had no opportunity of actually testing. There 
were some who, while admitting the influence of the walls, held 
that the change of temperature, and consequent varying pheno- 
mena of the steam in the cylinder, were due to a propagation of 
heat through the whole mass of steam. But Him maintained 
that the steam in actual contact with the walls was most affected ; 
that the walls, which were previously at a lower temperature 
than the steam, took heat from it, and then becoming hotter, 
restored this heat to the steam during the expansion and exhaust 
stroke. This statement has been confirmed by recent researches. 

These experiments caused him to alter his opinion that the 
benefit of the steam jacket was in its action on the steam while 
expanding, and attribute the economy obtained chiefly to its 
effect on the walls. Without a jacket, 27 % of the heat was 
sent on to the condenser in pure loss ; with a jacket the loss 
was only 5%, and this great economy was obtained at very 
little cost. 

Other trials made with superheated steam at 448^ F. showed 
that the temperature of this steam fell during expansion to 
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298^ F. This was. attributed to the action of the walls» which 
reduced, not the whole mass of steam, but only that part in 
contact with them, to a lower temperature. Nearly two-thirds, 
however, of the heat taken from the steam was restored to it by 
the walls, to evaporate the water covering them. 

It is this phenomenon of condensation, with its ceaseless 
fluctuations, which constitutes the main difficulty in calculating 
the work of an engine. To determine the extent to which con- 
densation takes place during the varying phases of a stroke, the 
science of Thermodynamics is of great value. Nothing affects 
condensation so much as the action of the cylinder walls, and 
BO impressed was Him with their influence, that he actually 
considered a very thin internal portion of the walls as having 
the same temperature as the steam and water in contact with 
them. The action of the jacket consists in diminishing the 
quantity of heat taken from the walls during exhaust, and in 
increasing the heat expended in the work of expansion. Super- 
heated steam has the same effect, but with this farther 
advantage, that the steam itself brings the heat needed for 
expansion, and the quantity of steam condensed during 
admission and re-evaporated during exhaust is considerably 
diminished. In a double cylinder engine Hirn found that, with 
a steam jacket and superheated steam going through it, the 
economy was 12 or 15%, due to superheating. With super- 
heated steam without jacket, the economy was about 8 or 10%, 
as compared with saturated steam and a jacket. 

Many years later, in 1887, Hirn had occasion to return 
to this subject. One of the cardinal doctrines he had spent 
his life in establishing was denied by Olausius, who declared 
that it had not yet been proved that the effect of the cylinder 
walls was of sufficient importance to be taken into account. It 
was impossible for Hirn to remain passive, when the result of 
his scientific investigations was thus ignored. He stepped at 
once into the arena of controversy, and maintained that this 
wall influence was exceedingly powerful, and had been repeatedly 
verified. As usual, he supported his statement with numberless 
experiments. In an expansive condensing engine without a 
jacket, the following phenomena were revealed. I. Difference 
between the boiler pressure, and the pressure in the cylinder 
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duzing adnuBsion. II. More or less condensation of steam during 
admission, and an expenditure of steam from 10 to 4cO% 
greater in practice than by calculation, in. A difference 
shown by the indicator, during expansion, according to the 
heat added or not to the steam. lY. Variation between the 
calculated and the actual quantity of work done. Y. Oor- 
respondence between the quantity of heat and the total work. 

If the cylinder is jacketed, the first four phenomena are greatly 
modified. With the same expenditure of heat, there is from 
10 % to 85 % more work done. Hirn maintained that this was 
due to the action of the cylinder walls ; Zeuner considered that 
it proceeded from the water constantly present in the cylinder, 
which alternately absorbed and restored the heat brought 
in the steam. The existence of this water was strenuously 
denied by Him. He argued that when superheated steam is 
admitted into the cylinder, and falls to saturation point, it loses 
instantly its excess of heat. Yet there is no water in the 
cylinder to explain this cooling ; it must be due solely to the 
walls. Again, the covers of the cylinder had been proved to 
be always about 86° lower than the temperature of the admission 
steam. How could this difference be accounted for, unless 
the walls yielded heat during expansion and exhaust ? Finally, 
Him observed that whereas the consumption of steam, about 
the year 1847, was reckoned at about 261b. per I. H* per hour, 
and sometimes as much as d5lbs. ; it was in 1887 about 221bs., 
and occasionally as low as 17lbs. This gain he attributed 
partly to the greater attention paid by engineers to keep the 
cylinders hot, and prevent as far as possible, loss of heat by 
radiation from the walls and steam passages. ' 

No one had contributed more to this satisfactory result than 
Him himself, by elucidating the principles of working a steam 
engine. A perfect motor, he explained to be one forming a 
closed cycle, in other words a machine which, after going through 
a definite sequence of operations, returns to its original condi- 
tions. The closer any engine complies with these conditions of 
a perfect motor, the better it is, whatever the working agent 
employed. A comparison of steam and gas engines illustrates 
the proportion existing between heat and work. In Hirn's 
opinion, this proportion was higher in a steam motor ; but the 
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action of gas engines was too imperfectly understood at that 
time, to study properly their working conditions. 

The mechanical theory of Heat admits of a division under 

two heads, the first having reference to the action of external, 

the second to that of internal heat in any hody. The external 

action of heat had already been carefully studied by Hirn and 

other scientific men, but little was known of its internal efiTect, 

the combination and disintegration of the chemical constituents 

of a body, and the internal changes taking place during and after 

its change of temperature. This was set forth in the second half 

of his ^'Theorie M^canique de la Ohaleur." All bodies, he 

maintained, possess a certain invariable calorific capacity. This 

calorific capacity, or specific heat, is not the heat developed by 

external or internal work ; it is the heat inherent in the body, 

plus the heat generated by work. Temperature is the intensity of 

the calorific force in any body. So long as the heat is employed 

in modifying the temperature, every increase of temperature 

corresponds to the quantities of heat added to or taken from a 

body. Dulong had laid down the principle that the product of 

the atomic weight of any body, found by calculating its calorific 

capacity, is a constant ; and this law Him applied to iron, 

copper, silver and lead. 

To ascertain the number of atoms composing a body, and to 
study its internal properties, the mechanical theory of heat is of 
the utmost value. For if the absolute capacity of any simple 
body be known, it can not only be calculated for other bodies, 
simple or compound, but the exact value of the internal work 
performedby that body, when heated or cooled, can be determined. 
The quantity of heat needed to raise the temperature of a body 
1^ is in proportion to the atoms composing the body, and not to 
its properties. These facts establish the existence of separate, 
indivisible atoms, in other words, of the indestructibility of 
matter. For instance, the absolute calorific capacity of water 
is 0*04. If we call 1 the total quantity of heat needed to raise 
lib. of water 1°, the quantity of heat which really modifies 
the temperature is only 0-06 or j^ths of this. The remainder 
of the heat is expended in external work or expansion. This 
percentage is the calorific capacity, and varies with each 
substance, being much less with ice than water, (only tV^)* 
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In solid bodies, at the same temperatnre, an exact proportion 
has been found to exist for every increase of 1°, between 
the atomic weight of the body and the internal work, or heat 
absorbed. As the calorific capacity of bodies is a constant, 
so also is the coefficient of expansion. If both of these are 
known, the proportion in which the heat of a body is employed 
can also be determined, as well as the number of atoms 
constituting the body, the form of the molecules of which the 
atoms consist, and the intensity of the force acting upon them. 

Regnault had shown that at constant pressure, the calorific 
capacity of air and of hydrogen is constant, while that of carbonic 
acid varies, and Joule had demonstrated that where the pressure 
of carbonic acid is reduced from 5 atmospheres to 1, less cooling 
takes place (L e. less internal work is performed) the higher the 
initial temperature. These propositions were carefully verified 
by Him, who explained the various anomalies presented by 
internal heat in gases by the flBMst that, in some cases, the internal 
work performed is negative instead of positive, and heat is evolved 
instead of being absorbed. 

These considerations of internal pressure, work, and heat were 
intimately connected with the question of the atomic indivisibility 
of bodies, and the indestructibility of matter. It had formerly 
been held that temperature could be infinitely lowered. If 
this were so, as, by reason of the coefficient of expansion or 
contraction, bodies were reduced in volume in proportion 
to the lowering of their temperature, the material volume of 
bodies would be reduced to nothing. In other words, matter 
could be destroyed. The limit of absolute zero had however 
already been determined at 278° G. below zero, and Him 
verified it by his investigations of heat. Since bodies could 
not be reduced below a certain volume or temperature, no 
body could disappear, and all matter therefore must consist of 
an aggregate of infinitesimally small, but irreducible atoms. 
It was known that a certain hitherto undetermined law 
regulated the proportions between pressures, temperatures and 
volumes. Since the law itself could not change, Hirn argued 
that the variations must be caused by perturbations, and 
if molecular attraction was not sufficient to account for the 
latter, the pressure cannot decrease as rapidly in proportion 
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to the diminntion of the volmne as had hitherto been supposed. 
Nothing would explain this except the phenomenon of internal 
work, which is caused by the reciprocal attraction of atoms, 
and their tendency to cohere, where there is a change of volume. 

In 1866, Him, in conjunction with M. Oazin, carried out a 
series of experiments to determine the law governing the expan- 
sion of gases, and superheated steam. The external and internal 
pressures (calorific 'force) of water, sulphate of carbon, and 
bichloride of carbon were verified at temperatures varying from 
122^ F. to 862^ F. He proved by these trials that liquids and 
solids as well as gases expand under pressure, if heab be applied 
to them, a fact which had long been disputed, but, with all 
his researches, he was unable to formulate the exact law of 
proportion connecting the temperatures and the pressures of 
any body. 

One of the most powerful causes which affected the constancy 
of this law was molecular attraction. The cohesion of the atoms 
composing a body had long been confounded with chemical 
affinity, but was in reality distinct from it, though intimately 
connected ; the former was independent of external pressure, the 
latter was affected by it. Ohemical affinity has nothing to do 
with the physical condition of the bodies in which it acts. In 
chemical combination and decomposition, electricity is always 
manifested ; it is also developed in the production of steam, 
but the quantity is so small that it may be neglected. It 
had long been thought that the force of cohesion, or molecular 
Attraction, was non-existant in gases and liquids, but Him's 
experiments with steam proved that this was not the case. With 
saturated steam at 212^ F., he found the value of the reciprocal 
attraction of the groups of atoms to be equal to 0*10 atmosphere. 

Not content with studying internal pressure in its relation to 
steam, Him examined its effect on electricity, where it is also 
undoubtedly present. A certain tension is necessary to generate 
electricity, which is, like heat, a force, and the quantities are 
necessarily proportioned to the pressures. Electricity is 
governed by the same law as heat, and as electrical energy 
diminishes, it is replaced by its mechanical equivalent of heat. 
Nor can the vital constituent force be utilized, and yet remain 
intact, in electricity, any more than in heat. Tension stands to 
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electricity in the same relation as temperature to heat, and at 
each point of the current it may be called the electrical tem- 
perature. A remarkable analogy appears to exist between the 
laws goveming thermal and electric phenomena, and the same 
rule applies to chemical affinity; the heat developed being a 
consequence of the work done, by the approach of the several 
heterogeneous atoms. 



CHAPTER V. 

Human Thermodynamics. — Vital Heat of the body. — Experiments on 
the amount of Heat developed by human beings when in action. — 
Measupement of Oxygen inhaled. — Respiration shown to be the 
principal source of Heat. 

At this point a natural break occurs in Hirn's labours. Hitherto 
he had considered the Law of the Mechanical Equivalent of Heat 
in its practical application, and especially in its bearing on the 
steam engine. During the latter years of his life he was mainly 
occupied in investigating the inner principles governing Nature 
and the Universe. He had helped to establish the science of 
Thermodynamics on a solid experimental basis ; it remained to 
apply its laws to abstract, as well as to concrete facts. 

A minor division of the subject first engaged his attention. 
One of the propositions he laid down and frequently insisted 
upon was, that a great principle of unity runs through all nature. 
Since humanity is a part of the universe, he saw no reason why 
we shoald ourselves be exceptions to the principle, and maintained 
that our bodies are governed by the same laws as inanimate and 
inorganic nature. Acting upon this hypothesis, he made a bold 
and successful attempt to apply the formulce of Thermodynamics, 
and the Law of the Mechanical Equivalent of Heat, to human 
beings. This interesting study he founded on Lavoisier's discovery 
that the act of respiration has for its object to furnish living 
organisms with oxygen, and thus to produce a kind of internal 
combustion, which is probably the principal source of animal 
heat. All the experiments hitherto made to determine this vital 
heat had, he considered, failed, because the subject of the 
test was placed in such painful and abnormal conditions that 
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no really satisfaotory results oonld be obtained. He proposed to 
avoid this difficulty by making experiments on human beings, 
nnder circumstances corresponding as nearly as possible with 
the ordinary conditions of daily life. 

Heat in our bodies, he argued, has the same cause as in other 
motors. Strictly speaking, organic Physics or Mechanics do not 
exist ; the phenomena they present in human beings are the same 
as in Nature. Now the first principle in any motor is that, when 
the act of motion is ended, and the sequence of operations 
concluded, the motor returns to its original condition, other- 
wise the action is not final, and cannot be repeated. This Him 
had already explained when speaking of a perfect cycle, and 
the law is as dearly shown in human as in steam motors. 
When we raise a weight to a given height, heat is developed in 
our bodies, withdrawn from the heat generator, and sent through 
the system. When we drop the weight, and our muscles return 
to their original condition, so much heat is restored to our heat 
centre. Now when a given weight is lifted, it is not sufficient 
that the muscles of the arm, by the influx of the nervous fluid, 
should become rigid. The dynamic principle called into action, 
and the weight raised, the muscles must expand to release and 
deposit it in its place, and this expansion means the cessation 
of the nervous influx, and the return of the motor — ^in this case 
the arm — to its original condition. Exactly the same thing 
happens when, in an engine, the compressed steam which raised 
the piston is released or condensed. Sueh a delicate adjustment 
of the executive force is easily obtained in the human organism, 
but it can only with great difficulty be secured in inanimate 
motors. In human organisms, motion may be divided into 
positive work, as when we lift a weight or ascend a mountain, 
and negative work, when we lower a weight or descend a 
mountain. In the one case mechanical force is expended, in 
the other it is absorbed. There are few mechanical motors 
which answer to conditions so exact, and in Hirn's words, 
consume or give out mechanical work. 

It is now an established principle of Science that forces are 
not transformed into each other, as was formerly supposed, 
but substituted for each other, and that an invariable 
relation exists between the Fdlrce which enters upon, and 
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the Force whiob ceases from a state of activity. This system of 
balance governs the Universe. For instance, if a waterfall tnms 
a miU wheel, so much work is performed, and at first sight 
there seems no loss of heat. Bat a certain quantity of water is 
required for this work, and to supply the deficiency, that is to 
replenish the source of water above the fall, the heat of the sun 
evaporates the lower water, returning it again as rain to the 
stream that feeds the waterfall, and thus re-establishes the 
equilibrium. If nothing is produced, i.e., no external work is 
performed, there will be no expenditure of heat, but whatever is 
produced must cost either power or heat, for Nature does 
nothing gratuitously. 

To determine by experiment the afaiount of heat expended 
during outward action, or restored during negative work, in the 
human organism, it is necessary to know — ^I. The quantity of 
heat in the system when no work is performed, in other words, 
the normal heat of the body, and II. The heat actually evolved 
when doing a given work. The difference between these two 
factors will represent the heat consumed or expended, as a conse- 
quence of work performed. The method of experiment which 
Hirn had introduced with regard to the steam engine, he now 
employed to measure the heat passing into and out of the body. 
The main cause of heat in the human organism he found to be the 
oxygen introduced by the act of respiration. It is true that heat 
is also contained in the food and other substances assimilated, 
but the combination of oxygen with the chemical constituents 
of these alimentary substances is necessary to evolve their 
heat. If the quantity of heat measured is in proportion to 
the oxygen introduced into the system, it may be safely 
inferred, that respiration is, as Hirn says, the ''essential cause 
of heat.*' 

In 1856 and 1857, Him undertook two series of experiments 
to determine the factors mentioned above, i.e., the heat existing 
in the body, and that evolved during and as a consequence of 
work. To know this, it was necessary to ascertain the relation 
between the act of respiration, and vital heat. In the first 
series, the persons experimented upon were in a state of repose ; 
in the second, they underwent active bodily exertion. The 
method employed in both sets of trials was as follows : — 
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A wooden box or chamber, hermetically sealed^ was placed 
inside a room, the temperature of which, indicated by a thermo- 
meter, was almost stationary. The inner experimental chamber 
was also famished with a thermometer, and the air in it was 
constantly agitated, to maintain an even heat. Before the 
experiment, the degree of heat required to keep the temperature 
of the inner chamber uniform with that of the room, and prevent 
loss by radiation, was ascertained by burning a jet of gas. The 
quantity of gas used, and the time required to raise, by its means, 
the temperature of the inner chamber any given number of 
degrees, were known beforehand. The person to be experimented 
upon entered the inner chamber, the temperature of which had 
been carefully regulated, and seated himself in a natural 
position. The experimental chamber was then closely sealed, 
with the exception of one small opening, to admit air to 
replace that consumed by respiration. The operator placed 
an India rubber tube to his mouth, inhaled air through his nostrils, 
and exhaled it through the tube which communicated with a 
gasometer, where the products and air exhaled were carefully 
measured. When the gasometer was full, the operator put down 
the tube, and breathed freely into the chamber until the 
thermometer became stationary. The experiment was thus 
divided into three periods. I. A transitional period, lasting 
until the person experimented upon had reached a state of 
normal respiration and heat. II. A period during which the 
volume of air inhaled in a given time was measured, and 
III. A like period during which the quantity of heat developed 
in a given time was measured. 

The Table on page 180 gives the results of the first series of 
experiments, with the age and physical condition of the persons 
tested. 

From this Table three striking and important conclusions may 
be deduced. The first is that the volume of oxygen absorbed 
into the lungs, and of carbonic acid exhaled, are almost exactly 
the same. This phenomenon had sometimes been doubted by 
other observers, but Hirn's exact methods of measurement and 
calculation, and his analysis of the air inhaled and gases 
exhaled, enabled him to verify it beyond a doubt. The second 
fact was the very slight deviation in what he termed the calorific 
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coefficient of the oxygen, or the proportion existing between the 
weight of oxygen assimilated, and the number of calories developed 
in a given time. The third conclusion was a logical deduction 
from these facts. It had been proved that one gramme 
of oxygen when combined with hydrogen to produce water 
developes 4*8 calories ; when combined with carbon to produce 
carbonic acid, it developes 8*08 calories. In these experiments 
the heat developed in a human body per gramme of oxygen was 
invariably 6*2 calories, and hence it seems at first sight as if 
respiration was not the only active cause of heat. But the 
proportion between the heat evolved and the weight of oxygen 
absorbed give the reason of this difference, and Him drew the 
conclusion that the alimentary substances introduced into the 
body absorb heat during their formation, and restore it when 
combined with oxygen in our organisms. 

The second series of experiments were undertaken upon persons 
in a state ot action, and here Uirn applied with success the 
Law of the Mechanical Equivalent of Heat. . By an ingenious 
arrangement, a kind of treadmill, he contrived to set in motion 
the person operated upon. A wheel placed in the experimental 
chamber was made to revolve from the outside. Below the 
axis of the wheel, and near the circumference, was a plank 
upon which the person stood, and from which he passed on 
to the rotating steps of the wheel. After a little practice, it was 
easy to walk on the wheel in such a way that the middle of each 
step, whether ascending or descending, corresponded with the 
centre of the axle. Thus the operator, although practically in 
one spot, really went up and down the steps at the same rate of 
speed as that at which the wheel revolved. To know the height 
ascended, or distance traversed, it was sufficient to multiply the 
circumference of the wheel by the number of revolutions ; by 
multiplying this product by the weight of the person the work 
performed was given in kilogrammetres. All the other conditions 
for inhaling and exhaling the air, and measuring the heat, Ac, 
were the same as in the former experiment. The persons subjected 
to the experiment were also the same, and indicated by the 
same figures as in the former table. 

A curious fact, yet one which might have been foreseen, 
appears from these tables. Although a human being cannot be 



182 



THB SOIBNTIFIO WOSK OF GUSTAV ADOLPH HIBN 



00 



tt 



s 

I 

B ^ 

•s ^ 

S 8 

s § 

► 

o 

I 






p»aimiioo 9«^ ptn 






S 



oalXzo |o 
enniRxS j0d 



1 
1 



ass i;$ as $s |i 

o«^« e^eo C4 0000 oo 



m<M 



1 
1 



is ss § is § 



I 

s 



9irn[>a»s>np 






ai 



21 S* tefpxnosv 



3 !S SS 3 ? 
8 3 a 



jnoq j«d pepmowp 
jn> pgpaaowi Yq*|»H 



C« l>IO lO 



% 

M 

M 



s 



s 



poivipra ppv 



a 



o 

3 



m 39 i II I 



■OOD t*gD <D f-IO ■« 

6o &0 6 66 6 



paqjKwq* 
xtaHAxo 10 



o 



6o 66 6 66 6 



xnoq 4od 
p»t«qxB 



ll 3S iSS $ 9S s 

g « Oli^ fHO i-« r46 i-t 






jnoq jnd 
p»I«qiiT 



II S? SS p 3 






gg « 



4«ianrqa 

p^nanqjiMlxa 

aq^io 



U 






poi«qx«xf« 
aq^io 



00 ua 



o 



I |a &^ 2; sa S 



jaoqnd 






J] 66 6o o 66 



nmji 






pq^tari 



S^ 2^ 4 S8 8 






M n 



g & 



THB SOIENTCno WOBX OF aUSTAY A]>OLPH HIBN. 188 

r^;arded in the same light as a thermal motor, it is neyertheleBS 
evident that the direct relation existing between the amount of 
bodily work done, and of heat developed, shows, when expressed 
in figures, to what extent each individual was fit for the labour 
undertaken. Thus No. II. was a robust workman, and No. in. 
the director of a cotton mill. Both were inured to bodily exercise, 
and in each case the proportion was very small between the heat 
produced in the organism, and that represented by the work done. 
In other words, the excess of heat produced was a minimum, 
while in the two young people, who were accustomed to a 
sedentary life, it was much higher. 

These experiments also prove a fact, taught by the experience 
of daily life, namely that our vital heat is increased the moment 
we exert ourselves, or perform work, and that at the same time, the 
consumption of oxygen is augmented. The kind of work under- 
taken also a£Eects the relation between heat developed and work 
performed. It might at first sight seem as if, in the same person, 
this relation ought to depend upon the actual quantity of heat 
produced during a given time, but this is not invariably the case. 
Further, in a state of repose, the quantity of heat corresponding 
to a given weight of oxygen is always greater, than if the weight 
of oxygen were combined with carbon or hydrogen. In the 
dynamic or active condition this does not hold good. The heat 
equivalent to one gramme of assimilated oxygen is sometimes 
much less than would be produced, by the combination of the 
gramme with hydrogen or carbon. 

From these experiments Him ventured to deduce, or rather, 
as he says, to anticipate, the following conclusions. I. That the 
assimilation of oxygen by the act of respiration is to a living 
being, at rest or in motion, the principle source of heat. II. But 
this assimilation causes secondary chemical reactions, which vary 
according to the active or passive condition of the individual, and 
in their turn produce or absorb heat. III. Lastly, that secondary 
chemical reactions may exist, absolutely independent of this 
assimilation of oxygen.* 



* [The mean Thermal Effldeney of the five hnman beings doing work is bj the last Table 
34%, or aboat the same as the best Oas Engines of to*day <1808)t bat of coarse the limits of 
temperature are yery different. B. D.J 
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CHAPTER VI. 

Stady of Gases in their pelation to the propagation of Sound. — ^Three 
Theories of Nature — Materialistic, Pantheistic, Spiritualistic — The 
Anlmatlnflr Principle — Animate and Inanimate Nature. — Force or 
Intermediary Principles and Hatter. 

The stady of gases was more directly oonneoted with the 
abstract scientific work that occupied Him's later years, and 
formed a corollary to his researches into the nature and functions 
of steam. 

Gases differ from other bodies, because their tendency is always 
to fill whatever space is offered to them. Hence the laws relating 
to them are not the same as those governing liquids and solids. 
Him had already made experiments on water, hydrogen, and 
carbonic acid. Begnault had determined that, at constant 
pressure, the calorific capacity of water was 0*287, of hydrogen 
3*40, of carbonic acid 0*185, but no one had thought of 
measuring the capacity of moist atmospheric air and gas, 
in their relation to the propagation of sound. - If this varies, 
as Hirn showed that it did, the calculated will differ from the 
actual speed of sound. From experiments undertaken upon moist 
and dry air, carbonic acid gas, and hydrogen, it appeared 
that in proportion to the diminution in the quantity of heat lost 
by radiation, the calculated values of the temperatures approxi- 
mated more closely to the temperatures observed with the 
thermometer. When all losses were eliminated, the two heat 
values corresponded. In all these gases the coefficient of 
contraction was almost the same, notwithstanding their great 
difference in density, 

Hirn also made experiments on the effect of raising the 
temperature of a conical orifice, through which gases were allowed 
to pass. Having determined the time of falling of a gasholder 
filled with air, he heated the metal walls of the conical orifice 
through which the air escaped, to a temperature of from 140° F. 
to 176° F. The result was that, other conditions being equal, 
the bell fell much more slowly, and this notwithstanding the 
very short time the air was in contact with the hot metallic 
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orifioe. Other experiments were nndertaken to yerify the ehook 
of air against a resisting plane. 

Three different theories have been propounded to explain the 
constitution of gases. The first considers them as homogeneous ; 
the second as composed of separate indivisible material parts, 
held together by a repulsive and attractive force; the third 
denies this power, and maintains that these material indivisible 
parts are elastic, independent of each other, and endowed with 
movement, which causes the particles, while impinging against 
each other, to present the semblance of pressure and temperature. 
It is this movement of atoms having weight, which the advocates 
of materialism had taken as the cause of all movements of other 
atoms of like nature. Such was the Oinetic or materialistic 
theory, and to the refutation of it Him devoted the latter part of 
his life. All his experiments, both upon the shock of gases 
against resisting surfaces, and the flow of gases through a conical 
orifice of definite size, tended to prove that it is impossible to 
assign independent movement to gaseous particles. The rate of 
speed at which gases escaped through an orifioe had been supposed 
to be limited, and upon this assumption Weisbach founded a law. 
For if the mass of atoms composing the gas was endowed with 
separate motion, and each was independent of the other, it was 
impossible that they could, on escaping, acquire more than 
their initial velocity, merely because a larger space was offered 
them to expand in. Bat if the dynamic power resided not within, 
but without, they could be conceived as attaining an unlimited 
rate of motion when issuing through an orifice, and this Him 
showed to be the case. 

It was to the second of the theories cited above that he adhered. 
Force, he maintained, was as much a constituent part of the 
Universe as matter itself, nor was it possible to explain even 
purely physical phenomena by matter only. The constitation of 
gases, like that of other elements of nature, served to establish this 
theory, and Hirn used it as an argument to confute the advocates 
of materialism. As long as gases were in repose they conformed 
to the conditions laid down by the Cinetic theory, but once in 
movement, he proved that they contradicted it under many 
different circumstances. 
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Three great dootrines respecting the oonstitation of the 
Universe have always been held : — materialism, pantheism, and 
spiritualism. Acoording to the first, the whole universe consists 
of nothing but matter. Man himself is matter, and his thought 
a movement of the atoms of his brain. All dynamic action is 
referred to a movement of atoms or molecules. To explain the 
complex phenomena of Nature, materialists have but the ''Atom,*' 
and the power of movement they affirm to be inherent in it. 
Upon the mode of manifestation, however, they are divided, 
some referring all movement to the simple shock of atoms against 
each other ; others holding that these atoms are driven against 
each other by a force residing in them, — thus inclining to Hirn*s 
doctrine of a dynamic '' inter-atomic *' Force. The second, the 
pantheistic theory, affirms that man is composed of matter, force, 
and spirit, the three forming together one transmutable essence. 
The third resolves the universe into two absolutely distinct 
elements. Matter and Force, to which in organic nature is added 
a third wholly separate element, the animating principle or Soul. 

The last view embodied Hirn's philosophy, and he protested 
all his life against materialism and pantheism, maintaining that 
the researches of science, and especially the laws of thermo- 
dynamics, effectually refuted them. To establish the doctrine 
of spiritualism, and to disprove materialism was the keynote of 
his labors ; it may be called the ideal or spiritual side of his 
scientific work. 

His main object was to extend the application of the great 
doctrine of the mechanical theory of heat, and to show that it 
entered into many kindred sciences. The consequences of the 
law were far reaching, and connected with physiology, psychology, 
and pathology, as well as the mechanical sciences. It is also 
allied to molecular science, or the study of atoms, because the 
way in which they are affected by what was formerly erroneously 
termed " latent heat," and now more correctly internal work, 
shows that the same law governs molecular and chemical 
action. The existence of indivisible atoms, unalterable in shape 
or quality, and which therefore can never be fused into the great 
All, refuted the doctrine of pantheism. Sound and heat, as shown 
by Hirn's researches into the constitution of gases, are closely 
related. We have seen with what precision it was possible to 
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apply the law of the mechanical theory of heat to human beings. 
But perhaps the most important use Him made of it was 
to explain the principles of psychology. Dynamic materialism 
rested on a universal movement of atoms. Movement, it was 
maintained, could only come from movement, in other words, 
to set any body in motion, it must be acted upon by other bodies 
already in motion. This doctrine, which would reduce the universe 
to an aggregate of atoms, Him strongly denied. If everything 
were thus brought down to a material level, and thought, for 
instance, which communicates movement to the nerves, were 
itself a part of material nature, the soul would be " only a vain 
sound, which would one day be extinguished." 

Force, therefore, Hirn introduced as a second element into his 
theory of the universe. In contradistinction to matter, it might 
be considered a manifestation of thought, having a real but not 
a tangible existence. By an exhaustive process of argument, 
ascending from the infinitely small — ^the atom, — to the infinitely 
great — the realms of space, — ^he endeavoured to prove that Force 
was a constituent part of the universe, in the same way as, but 
wholly distinct from matter. To explain all phenomena by 
matter alone, he had shown to be impossible. Nor is Force a 
quality of matter ; it is an altogether different principle. Bodies 
consist m the first place of an aggregate of atoms, and these are 
held in position by Force. The atoms themselves are definite 
in form and indivisible ; that which varies is the space between 
them, depending upon the action of the circumambient Force, 
whether it integrates or disintegrates them. Therefore the 
apparent volume of all bodies consists — I. Of the volume of their 
atoms, and II. of the volume of their interstices. In water, for 
example, at maximum density, the volume of atoms is only 
nine-tenths of the total volume. 

To say that creation is limited in space, and that the physical 
world is finite, is to limit the Creator in power and will. Matter 
is limited and finite, but Force is unlimited, and extends beyond 
space. Force is not a single or simple element, but may be 
resolved under four heads —gravity, heat, light, and electricity. 
As far as we know, the first is invariable, the three latter vary in 
the intensity of their manifestations. Considered more closely, 
their mode of action is too general to be strictly defined as force, 
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the term ''intermediary principle,*' describes more accurately 
these elements of the dynamic power. They serve to reveal one 
body to another, and make each act upon the other, although 
millions of miles apart. Thus light, though it forms no 
constituent part of a star, reveals to us the presence of that star. 

In organic beings we are confronted by a third principle, distinct 
from Force and Matter, existing from its birth in everything 
having life. It cannot be matter, since it is devoid of substance, 
nor is it force, because it has its seat in the individual alone, and 
not in the surrounding medium. Such an inner principle must 
govern chemical affinity, and the intermediary forces in human 
beings, and it cannot be referred to electricity, which we have 
seen to be a constituent of the surrounding element. The 
faculty of thought in human beings works in somewhat the same 
way as an electric battery, an animating principle, therefore, must 
be assumed, to set it in motion. But this animating principle 
comes nowhere into direct contact with matter ; the two are put 
in relation with each other by the intermediary force. The 
animating principle cannot be considered as universally diffused, 
since it is one and indivisible in every living creature, but it may 
aptly be called the ** organizing power " of the unit it inhabits. 

This principle, defined by Hirn as the Soul, is the power that 
both organizes and thinks. Life is its manifestation. But the 
Soul by itself is only an abstract entity, and matter and force, or 
that is principles having physical properties, are needed to bring 
it into contact with living beings. Thus Force and the animating 
principle are so intimately connected, that to establish the 
manifestations of the one, in ourselves, is sufficient to determine 
the reality of the other. 

Viewing the human body in a strictly scientific light, Hirn 
held that it might be considered either as an instrument to put 
the soul in communication with the outer world, or as a motor 
governed by the soul, as a steam engine is governed by dynamic 
force. The soul, however, has no direct hold upon matter, it can 
only communicate with it by means of one of the intermediary 
principles. These, therefore, have a double function, a dynamic, 
having regard to the movement of matter, and a power of reve- 
lation, inasmuch as they place atoms in connection with each 
other, and make each cognizant of the other's properties, as 
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when a hot and a cold body are brought in contact. The mechani- 
cal theory of heat unites these two functions, because it proves 
that the potential work represented by all the forces of the 
universe is a constant. 

Such were the main principles of Hirn's philosophy, which he 
proceeded to work out in detail. The whole universe and its 
constituent parts were divided by him into two classes, animate 
and inanimate nature. Between the two, and the physical and 
and spiritual phenomena they manifest, there is a marked 
difference ; the soul acts, the intermediary principles work. 
Another broad distinction is, that animate nature is in its essence 
transitory, that is, it has its beginning, its growth and develop- 
ment from a germ, and its end in death. Although, in a 
limited sense, this may, in astronomy, be a characteristic of so- 
called inanimate nature, in the latter, the elements are always 
the same, while in animate nature they are ceaselessly changing, 
transformed, and renewed. The elements of inanimate nature 
may alter and combine under new forms, but with animate 
nature, death means the total separation of the animating 
principle from the other elements. 

All nature, whether organic or inorganic, is governed by two 
main laws, each of which is a complement of the other. The 
first forbids us to confound the members of the same species, 
and shows that each has its own individuality ; the second reveals 
the infinite variety of manifestations, proceeding from one and 
the same cause. 

In the study of inanimate nature we find that all bodies, 
even those that appear simplest and self-contained, have three 
properties placing them in relation with the outer world. I. Colour 
and form, establishing a link between the body and our visual 
faculties. II. Weight, connecting it with the specific gravity of 
the earth, and of other bodies in space. IJI. Heat, depending 
on, and acquired from the surrounding temperature. Further, 
every body consists of two elements, one, the separate molecules 
composing the body, the other, the relation existing between 
them, or what we have called the volume of the atoms, and 
that of their interstices. The weight of a body is proportioned 
to its mass, and the specific weight and mass of a body is 
unalterable. This is proved by the mechanical theory of heat, 
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when applied to the absolute zero. If it were possible to reduce 
a body below the size corresponding to absolute zero, it would also 
be possible to expand it to the same size without any equivalent 
manifestation of heat. This would violate a fundamental prin- 
ciple of Thermodynamics. Let us suppose a solid body compressed 
to its smallest bulk, and reduced to the absolute zero of 
temperature. If the pressure be now gradually diminished, 
the volume of the body will begin to increase, and will return by 
degrees to its original size. To surmount the pressure of the 
atmosphere will require a certain amount of external work. But 
this externa] work cannot entail the corresponding diminution of 
temperature, since the body is already at absolute zero. Hence 
it would be possible to obtain work without change of temperature. 
But if the tendency of a compressed body to return to its original 
volume is due to anything else but the heat it contains, that is 
if at absolute zero, it can perform work, external or internal, 
without a change of temperature, it may in the same way be 
compressed at any temperature without heating, and the exact 
proportion existing between heat and work is destroyed. This 
example illustrates one of the great laws Hirn laid down, that 
heat is lost by the act of expansion. It further shows that matter 
is composed of an infinite number of atoms, irreducible and 
indivisible, which can never be resolved into one, according to 
the pantheistic doctrine, or annihilated, as asserted by the 
materialistic philosophy. 

The intermediary principle, according to Him, acts first 
dynamically as motive power, and secondly as an agent to 
establish relations between material atoms. It is not, as some 
have supposed, a substance like matter, but devoid of weight 
and indestructible, since the mechanical equivalent of heat proves 
that it cannot cease to be. Nor is it an undulating ether or gas, 
of which heat, light, electricity, are manifestations, nor a 
movement of matter, produced by a previous movement of the 
same material particles. After half a century of laborious 
research. Him was obliged to confess that the cause of movement 
remained a mystery. Nothing in his investigations enabled him 
to explain its origin ; all he could say authoritatively was, that 
movement can never be a cause of movement. When atoms or 
gases impinge against each other, they are arrested for a fraction 
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of time, then shoot off in the opposite direction. During this 
measurable instant of repose, there is no matter near them in 
motion, whioh might communicate to them their second phase of 
movement. It must proceed from a principle independent of 
matter, t.6., the force of attraction and repulsion, or gravitatiou, 
which is dispersed through the universe, pervades it without 
regard to matter, and causes the reciprocal movement of bodies. 
Wherever two molecules oscillate against each other, something 
must be present, totally distinct from them, capable of destroying 
and re-establishing their movement. 

But Him had a third argument against this theory of 
movement proceeding from motion, which was reaUy only 
materialism under another form. If movement is caused by 
matter, attraction itself, the influeuce the sun exercises on the 
planets, and on the solar system, is matter, and all space is filled 
with infinite particles of matter. To demonstrate the error of this 
argument, let us suppose a body moving in a circle round a larger 
body. As the smaller body revolves, it is struck by the atoms or 
particles of matter on both sides of it. To those iu the direction 
in which it is moving, it will communicate greater speed; those on 
the opposite side will lag behind and retard its progress, and by 
degrees, as it drives the atoms before it, seeking to communicate 
its own impulse, it will be brought to a stand. Attraction, 
therefore, cannot be the result of the movement of even invisible 
matter. Nor can absolute void, even if it be proved to exist, 
establish the relation between two bodies, which is necessary to 
explain the phenomena of daily life. Newton, declared that no 
bodies could act on each other across an absolute void. Him, 
therefore, was driven to the conclusion that gravity, and its 
kindred forces of heat, light, and electricity, must be parts of a 
dynamic element. 

Passing on to consider the phenomena of Heat, Hirn rejected 
the theory of oscillations or undulations of atoms, showing that 
this would explain internal, but not external heat. Both implied 
the previous presence of matter in motion ; but no matter can be 
imagined as existing in space, and yet the phenomena of heat 
and light are manifested in the so]ar and stellar systems. Nor 
was the theory of emission or radiation more applicable. It 
supposes light and heat to be particles of matter emanating from 
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the celestial bodies, but a little refleotion will show that this is 
impossible. Were the theory true, the sun, planets, and all hot 
bodies would not only lose in weight, but by the laws of gravity 
the projected or radiated matter would soon lose its speed, and 
fall at random in space. Nor is the phenomenon of internal heat 
explained by these means. Some power must exist outside the 
atom (proved to be invariable in volume), which is able, during 
the instant of repose intervening in the oscillation of atoms one 
against the other, to overcome their inertia, and set them again 
in motion. Him supposes the case of an elastic ball, rebounding 
from an immoveable mass. When the shock of the ball meets 
the mass of inert matter, the ball recoils. But there is a fraction 
of a moment before this contrary action is set up, during which 
the ball is in a state of perfect repose. What is the force that 
sets the ball again in motion ? Clearly not matter, since matter 
is for the moment inert. 

Further, we see that gravity, electricity, and probably also 
caloric, act by repulsion and attraction across immense distances. 
Neither the undulatory theory of matter in repose, nor the 
oscillatory theory of matter in movement, can give an account 
of these phenomena. They can only be explained by the 
proposition from which Him started, that to communicate 
the motion of matter to other matter, the intervention of 
some intermediary element or principle is needed, having, like 
gravitation, the power of drawing the molecules from a state of 
rest, and restoring them to the same condition. 

The brosid distinction between these intermediary principles 
or forces, and matter is, that they are present everywhere in space 
at once, and are not in themselves subject to the finite conditions 
of Time and Space, although both are required in their 
manifestation. This condition implies a certain movement 
which Him calls " dynamic activity,'* and of which light, heat, 
and electricity, are different manifestations. By its very nature 
Force itself escapes our perception, and we only recognize it 
when it reveals itself as motion. The translation of force into 
movement, and movement into force, brings us back to the 
original theory of the mechanical equivalent of heat. For, since 
the atoms composing any body can only move when acted upon 
by force, they cannot move without producing a mechanical 
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equivalent io that force, in the shape of internal or external work 
developing heat. Upon this theory the constmotion of thermal 
motors is hased. 

The next question considered by Him was, whether there 
existed different species of atoms, or whether all matter was 
uniform. Him found, on weighing a litre of water, that the 
specific weight of the oxygen and hydrogen containedin itwasonly 
95 per cent. Now, if all atoms were the same in kind, this weight 
of oxygen and hydrogen in water would give the maximum weight 
of a litre, whatever the composition of the body weighed. It was 
on the contrary, the smallest weight among solids and liquids. 
There is no such thing, therefore, as a specific unity of matter. 
A certain specific weight, called by chemists << atomic weight," 
belongs to all chemical elements, as oxygen, sulphur, carbon, &c. 
For instance, the atomic weight of platinum is 190 times greater 
thanhydrogen, the respective weights beingas 1238^ to 6i. Now, 
the calorific capacity (specific heat) of a body is the proportion 
between the quantity of heat necessary to raise to a given tempera- 
ture an equal weight of this body and of water. If the atomic 
weight of any elementary body be multiplied by its calorific 
capacity, the result will be a constant, because the atomic 
weight of a simple body is always the same. Rut the numbers 
obtained will only be constant in a given order of chemical 
combinations. For if all bodies required the same amount of 
heat to raise them to a given temperature, all would evidently 
be alike in weight, and composed of the same number of atoms, 
proving the specific unity of matter. The calorific capacity of 
bodies shows that this is not the case. 

Hirn's study of the science of atoms confirmed his division 
of the intermediary Forces into Gravity, Electricity, and Caloric 
(in which light is included). The distinguishing feature of 
the force of gravity is that its constancy is, as far as we know, 
unlimited, and it acts on all bodies alike, so long as their weight 
is the same. The caloric force manifests itself differently. To 
determine the calorific capacity of any body, its chemical 
equivalent, that is the number of atoms it contains, must be 
known, not its weight, because the calorific force acts upon 
the periphery of the atoms, and not upon their mass. The same 
law holds good of electric force, which also acts upon the 
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nomber, and not upon the mass of atoms. Neyertbeless there 
is a radical difference between the two. The caloric force 
is always manifested as a repellant agent, driving the 
molecules of matter apart ; electricity reveals itself, not only as 
a repelling, but as an attracting power. Heat addresses itself 
only to the atom, electricity acts not upon the atom only, but 
upon the molecule or aggregation of atoms. 



CHAPTER VII. 

Ck>ntra8t between the Dsmamlc and the AnimatlnK Principles. — ^The Soul 
the Animatinsr Prineiple in Animals and Plants. — "Constitution de 
fEspaee Celeste." — Dynamic Element in space. — Interstellar 
Medium. — ^The Solar System. — Hirn's Death, Jan. 1890. 

But there is a third order of phenomena to be studied, the 
anhnating principle, or Life. Here Him had first two main errors 
to refute ; one that Life is itself a Force, able to create chemical, 
physical, and mechanical phenomena ; the other that it is a climax 
or perfection, to which the forces of inanimate nature may slowly 
attain. Life, said Him, does not create the forces of light, heat, 
and electricity, it utilizes and substitutes them one for the 
other. Dynamic forces are everywhere diffused, and pervade all 
nature ; life is strictly localized in each animate unity. Not only 
is it not a development of force in general, but it never manifests 
itself directly as a force. Inanimate nature is distinguished by its 
homogeneity ; animate nature by its harmonious heterogeneity. 
Unless the principle of Life is present, no force is of any avail in 
animate nature, and just as the intermediary or dynamic Force 
reveals itself in light, heat, and electricity, so this principle of Life 
manifests itself outwardly through the emotions, and especially 
through the affections. No dynamic Force passes suddenly from 
a given value to nothing, but at Death the cessation of the ani- 
mating principle is instantaneous. 

The existence of this animating principle conceded, the next 
question is, how does it act upon matter ? In what way does it 
affect the muscles, and make them perform the actions willed by 
the brain ? Formerly this operation was attributed to a nervous 
fluid, but Him pointed out that in that case, there would be loss 
of this fluid without any corresponding gain, which is impossible, 
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since nothing is ever lost in nature. Oihen held that ttie 
nervous influx is due to a vibratory moyement of the material 
tissues of the nerves. Him, however, maintained that the nervous 
action was caused by the dynamic principle, manifested in human 
beings as electricity, and acting as agent between the animating 
principle, and the material medium. The soul, he said, has no 
direct hold upon matter, nor can it be a perfected force, since it 
does not possess the essential attributes of force. Its functions 
too are wholly diflorent. It has first to construct or build up, and 
maintain the organism ; secondly to enable the living creature to 
make use of this organism. 

An illusory distinction had formerly been made between the life 
and the soul. It is true that the functions of the soul, as thinking, 
loving, &o., are performed consciously, and the functions of the 
body, as growth, nutrition, digestion, are performed unconsciously 
and involuntarily, but the two are linked together by a whole 
series of partly or wholly voluntary, yet necessary actions, half- 
consciously performed. The most remarkable characteristic of 
the vital principle as a constituent element of the universe is its 
plastic power. Only through the medium of the body, the corporeal 
element, can the animating principle, not only be brought in 
contact with the external world, but act upon itself. Yet it 
possesses physical properties, and has a real existence, apart from 
the brain, with which some philosophers have endeavoured to 
identify it. This is proved by the phenomena of health and 
disease, the absorption and rejection of poisons, and other mani- 
festations of life. But * < without the help of the dynamic element ' * 
says Him, decisively, ** the soul cannot know the outer world." 

i^ though the animating principle is separately revealed in each 
(uiity, yet it is transcendant, and not bounded by space. It can 
be no more localized in any part of the body, than can the dynamic 
elements be localized within corporeal matter. The very existence 
of the animating principle, which is able to conceive, although not 
to understand the Infinite, is opposed to any limitations of its 
nature. Memory, imagination, judgment and other operations 
of the mind, are not separate organs, but co-ordinate functions, 
governed by one supreme, controlling, and organizing faculty. 
That the animating principle can act beyond time and space is 
shown by our dreams. The phenomena of dreams prove that the 
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floul oan act without its mental and organic instruments, for it is 
not these instruments that think, but that it can do nothing 
correctly without them. 

Him ventured on very delicate ground when he suggested that 
this principle might, and indeed must exist in other beings beside 
man. For if we admit that there is in man a principle superior 
to the ordinary forces of nature, we can hardly deny it to animals. 
Does this animating principle, he asked, vary so widely in man 
and in the higher animals, as to be not only different in degree, 
but in nature ? Animals do not act by instinct alone. Instinct 
guides them, but in certain animals, such as thel)eayer, the bee, 
the ant, these instinctive acts are unquestionably accompanied, 
directed, and modified by thought. Nor can the modifications 
be attributed to imitation only. The instinct of imitation is 
combined with a certain original power of reflection and choice, 
shown in the fact that animals will not continue to perform 
the same acts, unless the acts are rendered necessary by the 
same circumstances. Of certain animals, all we can affirm 
is that they are inferior intelligences, but we are not authorized 
to infer a difference of nature between them and man. In 
animals, as in man, the distinctive characteristic of the higher 
grades of intelligence is the power of affection. They also 
undoubtedly possess the capacity to express themselves by 
signs, though man alone is gifted with the faculty of articulate 
speech. In short there is a considerable, but not an infinite 
distance between man and animals, a specific difference, but 
an analogy of nature ; for without analogy, there could be 
neitiier superiority nor inferiority. 

The properties of the animating element are spontaneity, liberty, 
consciousness of our acts, affection, and specially that attribute of 
unity which endows every living creature with a separate animating 
element. This attribute cannot be denied to the lowest beings in 
the scale of creation, nor would Hirn refuse it wholly to plants. 
Undoubtedly, plants are endowed with harmonious unity of 
structure and growth, and develop under the influence of a 
directing power, like man and the animals. The form of the 
organs is totally different, but the functions they perform are not 
only analogous, but in their results actually identical with those 
of the higher organisms. 
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No evidenoe of a nervous Efysiem has hitherto been discovered 
in plants, yet some equivalent for it must exist, since certain 
poisons which have a deadly effect upon the human frame act 
upon them also. Nor are they destitute of the first attribute of 
the animating element. '' Like man," says Him, << the vegetable 
developes organically, under the control of a directing power, 
which acts in conformity with a preconceived plan, and is superior 
to, but utilizes the elements of the inanimate world." In a 
limited degree, plants possess the power of spontaneous movement, 
as evidenced by the sunflower. With some it may even be a£Brmed 
that they act consciously. The sensitive plant, for instance, if 
subjected to the jolting of a carriage, closes its leaves, and gradually 
opens them again. If the jolting ceases, and suddenly begins 
afresh, it instantly shuts up, to unfold again in the same gradual 
manner. Thus plants perform certain higher functions, which 
must be called sentient and psychical, in contradistinction to 
physical. In considering sex in plants. Him even went so far as 
to attribute to them the characteristic of affection. 

He next exposed the fallacious doctrine of the spontaneous 
generation of living creatures in time and space, although he 
allowed that the animating principle cannot act without certain 
chemical combinations, as oxygen, hydrogen, &c., and certain 
dynamic elements, light, heat, &o. According to the presence, 
to a greater or less extent, of these elements, life degenerates or 
is more completely developed, and the type improves. Whether 
man is at all affected by climatic considerations, and the absence 
or presence of these chemical or dynamic elements, is a question 
still undetermined. As to the original unity of the human race, 
Darwin himself does not maintain that all animals are derived 
from one type, but only that the number of original types is very 
limited. To say that a living being can come into existence where 
life was not before, or that different species of organisms are 
produced one from the other, is to maintaia, in other words, that 
man is a product of matter. If life can suddenly appear where 
no previous germ existed, there is no animating principle, since 
life can be evolved from matter. Every soul is the seat of a 
separate and indivisible animating element ; therefore, to say that 
man is derived from an ape, can only mean that an organic germ 
of an ape has become worthy to receive a human soul. 
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Whatever may be thought of the system of philosophy here 
expounded by Him, science dearly shews that man is not, as he 
has so long been considered, the centre of the universe. Not 
man alone, but plants and animals, and all living entities contain 
in themselves the animating principle, and have ** not only a 
destination, but a destiny." 

We now arrive at the last phase in the development of Him's 
scientific and philosophical theory of nature and the universe. 
Beginning with Friction, he had expanded the great law of the 
Mechanical Equivalent to meet the requirements of each successive 
branch of natural science. But its noblest application was found 
in the realms of Space, as set forth in his great work on the 
<' Constitution de I'Espace Celeste " (1888). This book was the 
logical outcome of all his former theories. In the present cursory 
review of his work, it is impossible to do more than glance at the 
propositions and theories laid down in it. They had been often 
insisted on before, in different works, but it remained for Him to 
crown the labours to which he had devoted his life, by combining 
them all in this lofty refutation of the doctrines of materialism, 
and exposition of the law of the Mechanical Equivalent of Heat. 

He had already shewn that it was impossible to imagine matter 
as fiHing all space. Matter, however rarified, cannot exist in the 
infinite intervals separating the stars and solar systems, nor can 
the existence of an interstellar gas be verified. Newton main- 
tained that it is impossible for the stars, suns, and planets to act 
on each other by attraction and repulsion across a vacuum ; there 
must be something to establish these relations, not inherent in, 
but outside matter. Since no action can be supposed to take 
place across a void, the interstellar space must be filled with some 
element, not material, in other words, with a dynamic element. 
This fact which Newton had proved with regard to gravity, Hirn 
and others verified in light, heat and electricity. ''Dynamic 
action,'* he maintained, '' whether exerted on two atoms or two 
celestial spheres, can only be considered as the result of a specific 
relation established between the disjointed parts of matter, by an 
intermediary distinct from it," — in other words, by a Force. 
Force alone is the element capable of setting matter in motion, 
without the existence of previous movement. The dynamic prin- 
ciple reveals in the same way the atoms in a gas, and the heavenly 
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bodies to each other. How it acts upon the material element we 
do not know at present, except that matter appears to be generally 
but not invariably necessary to its manifestation. 

In space devoid of matter there can be no such thing as tem- 
perature, since temperature is the intensity of the calorific force 
residing in a material body. The moon, therefore, being devoid 
both of atmosphere and of temperature, cannot be inhabited, but 
Him found it impossible to determine whether the other worlds 
around us in space have inhabitants. 

If we suppose the intermediary interstellar element to be 
material, it would oppose the passage of bodies through it, and 
modify all the celestieJ phenomena. A gaseous medium could 
not fail to act, however feebly, upon the motion of the planets 
and satellites, and by resistance affect the movement of the moon 
round the earth. If the emanation of heat from the sun were 
caused by the radiation of matter, or of a m$iterial fluid in a state 
of vibration, it would influence and deflect the movement of all 
the heavenly bodies. Most especially would this be the case with 
the comets, which, on account of the eccentricity of their orbits, 
are already subject to much perturbation, from the massive bulk 
of the planets. If these bodies in their prodigiously rapid course 
encountered the resistance of a material medium, they would be 
ground to atoms. Some astronomers have supposed that their 
eccentric movements were themselves due to a material and 
resisting medium, but the attraction and repulsion of the planets, 
all of which are far larger and more weighty than any of the 
comets, are amply sufficient to account for the irregularities 
observed. Him confidently affirmed that if the interstellar medium 
possessed a specific volume of its own, '* no comet would be able 
to perform a single revolution round the sun, without having the 
gas of which it is composed completely dispersed throughout its 
orbit, and being finally arrested in its motion." If such a resisting 
medium existed, the comets would be separated from their brilliant 
and finely shaped tails, and the latter would be instantly dispersed 
through space. Again, a material gaseous medium would be 
greatly influenced by the planets and satellites. With bodies 
devoid of atmosphere, like the moon, the shock of their mass 
impinging upon the material interstellar medium would be 
incalculable. Nor is it possible to imagine an atmosphere capable 
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of resisting it; the planetary atmospheres would be gradually 
dissipated into space. The mere friction of the particles of such 
an atomic atmosphere would in time destroy its speed and motion. 
No trace, in short, can be found in Space of the existence of matter, 
aggregate or disintegrate, in repose or in motion, in a diffused or 
a compact form. 

It is in other ways that we must seek to explain the nature of 
the medium which fills the celestial firmament. Since temperature 
does not exist in space, the medium can only be aiSected by the 
radiations of light and heat from the sun and stars. From the 
stars these are inconceivably small. The radiation from the sun 
is supposed by many astronomers to be gradually diminishing, 
but such cannot be the case to any appreciable extent. Loss of 
heat would imply loss of bulk, and such decrease has not been 
verified since our astronomical observations began. If in truth the 
heat of the sun is gradually being dispersed by radiation through 
space, and its mass growing cooler, there must be some unknown 
and compensating force, or source of heat, at work, the nature of 
which we can only surmise. 

Whether as a result or a cause. Him had at least shown the 
existence of some non-material dynamic element to be probable. 
That the solar system is not destined to ultimate extinction 
he considered a legitimate deduction from the facts established 
by science, holding it in the highest degree improbable that 
Nature, in this one instance alone, should tend to annihilation. 
Here at last, where the firm ground of fact failed him, and he 
was compelled to resort to hypothesis, he brought his manifold 
labours to a close. He died at Colmar, in January 1890, less than 
two years after the publication of this, his last and greatest work. 
For some years previous to his death, the writer was honoured 
with his friendship. 

Him's scientific work presented a remarkable unity of thought, 
through many different developments. Starting from his great 
discovery of the Mechanical Equivalent of Heat, the value of 
which no one can deny, though it had been anticipated by others, 
he traced the principle therein contained through the various 
manifestations we have endeavoured to describe. His fame rests 
upon his experimental method, elucidation of the theory of the steam 
eng^e, and discovery of the laws that govern the phenomena of 
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heat motors. Bat these researches were only a part, though 
practically, perhaps, the most important part of his work. They 
may and doubtless will be set aside by other workers in the same 
field, for whom he has prepared the way. To him his studies 
appeared as stepping stones to the complete refutation of the 
materialistic and pantheistic theories of the universe. This was 
the final result of his work ; and he desired no higher claim to 
consideration than that he had vindicated the doctrine, that 
Nature, like Man, has a soul, and the constitution of the 
Universe is not material, but spiritual. 
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The subjects which have been coupled in the title of this 
communication are perhaps as little understood as any two 
subjects of equal importance. The eiSective ventilation of large 
public buildings, and of even smaller rooms such as the one we 
are in, is at present, in the vast majority of instances, yet in 
the future. The Legislature becoming, under pressure from 
without, careful of the lives of its citizens, occasionally lapses 
into moments of active law-making, and passes a Cotton Cloth 
Factory Act designed to provide the minimum amount of 
ventilation which is permissible. But these are only like spots 
on the sun — they show the seething activity beneath, but do 
not exhibit themselves in a steady and consistent manner. It 
is with the intention of making an attempt to state the problem 
with as much clearness as possible, and of indicating the 
remedies which lie at hand, that this paper is written. The 
author's attention has been somewhat pointedly called to the 
matter in connection with School Board work, the erection of a 
school having led to the necessity for making a special enquiry 
into the whole question. It may perhaps be premised that 
the subject of heating will also require some treatment, because 
it will be found that in most cases all of these questions are 
inseparable. 

The first question to be answered is, What is ventilation? 
This may be defined as the replacement of the air in any build- 
ing as it becomes foul with fresh and — as far as practicable — 
unpolluted air. This definition leads to another conclusion, 
namely, that the air must be supplied in such a manner that 
the replacement is positive, and not merely negative. The point 
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thus stated, the question to be solved is how this positive move- 
ment of the air is to be effected. In attempting to find a 
practicable way, we are immediately met with the diversity of 
conditions which render uniform treatment well nigh imprac- 
ticable. This difficulty is enormously increased by the fact that 
in all cases ventilation must be accompanied by heating, and in 
some by the production of an artificial humidity. It will 
therefore be a convenient division of the subject if for a time 
these subsidiary requirements are put out of sight and the 
question of ventilation pure and simple is first considered. In 
doing so it is not proposed to attempt to suggest any effective 
method of ventilating private houses — although that is easy 
enough — but to deal with those larger buildings, both public 
and manufacturing, which are at present so wofuUy neglected. 

Broadly speaking, the ventilation of one room is a type of the 
ventilation of a number, and if the proper mode of effecting 
the work in one case is adopted, its multiplication, although 
requiring consideration, is not impossible. Let us suppose a room 
say 100 feet long, 60 feet wide, and 35 feet high, with a capacity 
of 210,000 cubic feet, and a floor area of 6,000 square feet. 
Assuming that the allowance of the Education Department of 
10 square feet per head be adopted, such a room would seat 
600 people, but under ordinary conditions it may be taken as 
having a capacity of at least 900. Now, under the conditions 
such as prevail in this room at present — a quiet audience — these 
900 people would exhale 250 cubic feet of air per minute, of 
which 4 per cent, is carbonic acid. In an hour the quantity 
would be 15,000 feet, or 80,000 in two hours, while in the same 
time the carbonic acid would reach 1,200 cubic feet. That is, 
that in the two hours there would be in every 175 parts of air 
one part of carbonic acid, or 57 per 10,000 parts of air. In 
addition to this there is a certain volume of vapour given off in 
breathing and from the skin, and it is estimated that a person 
who is in an ordinary state of cleanliness, so that his skin acts, 
gives off a certain volume, equal to about one-fifth of that just 
stated, of carbonic acid from his skin. Thus it may be taken 
that if these people continued to breathe the same- atmosphere, 
it would in two hours be charged with about 70 parts of carbonic 
acid per 10,000 parts of air. Now the normal amount of this 



VENTILATION, HBATINO AND HUMIDITT. 207 

gas in the air in Manchester, even during a fog, does not exceed 
9 per 10,000, and in ordinary times is about 4 per 10,000. It is^ 
therefore, clear that in this respect the conditions named are 
very bad, and that a very short time is required to render a 
change of air necessary. Leading authorities tell us that the 
feeling of lassitude and weariness which is one of the signs of 
poisoning by the inhalation of carbonic acid begin to manifest 
themselves when 10 parts per 10,000 of air are present. It is 
obvious, therefore, that very early in the occupation of a room 
or building the necessity for a renewal of the air is manifest. 
Of course the case supposed is one in which a large number of 
persons are present, but in degree the same thing applies to each 
individual. The need of a change of air is therefore apparent. 
The next step is, how to effect it ? 

The point which chiefly affects this problem is that the fouling 
of the air is continuous. If it were possible to completely exhaust 
a room every ten minutes and recharge it with fresh air, this 
would represent the needs of the case presumed, but it would be 
neither practicable nor wise. As the pollution is continuous, so 
must the provision of the diluting medium be continuous. For 
it is all that can be looked for in a case of this kind, that the air 
shall be so diluted that the quantity of carbonic acid will be 
reduced to a safe limit. Without going into the figures of the 
subject minutely, it may be said that 7 parts of carbonic acid per 
10,000 of air is looked upon as the limit, which, on sanitary 
grounds, is permissible. Now in the case supposed, the limit 
would be reached in 12 minutes, supposing the air to be absolutely 
pure, so that unless dilution began with the occupation of the 
room, there would be little chance of the proper standard of 
purity being maintained. There is, moreover, in addition to this 
factor, the question of the gas burning in the room, to consider. 
Every burner which consumes 4i feet of gas per minute, eats up 
45 cubic feet of air, and the carbonic acid it produces, must be 
at once diluted or removed. Now to do this, and at the same 
time provide for the sufficient dilution of the acid emitted from 
the person, requires from 30 to 46 cubic feet for each person per 
minute, which on the supposition of the presence of 900 persons, 
means a supply in the room in question of 27,000 to 40,500 cubic 
feet per minute. Taking the smaller figure, it would mean that 
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in eight minutes the total cabio contents of the room require 
ohanging, in order to provide the necessary dilution. As a 
matter of faot, in the best examples of modern ventilation which 
can be found, the capacity of changing the air from 4 to 7 times 
per hour is provided. The Cotton Cloth Factories Act prescribes 
a minimum volume of air of 600 cubic feet per person per hour, 
and this has been found to be sufficient. At the same time, the 
number of cubic feet of air per head in a weaving shed is much 
larger than in a theatre or crowded public hall, so that the fouling 
of the air does not take place with so much rapidity. This part 
of the subject is purposely slightly treated because the facts are 
beyond dispute, and are only intended to prepare for the treat- 
ment of the practical side of the question. 

This is, how is so large a volume of air to be moved without 
creating a draught in the apartment ? For it must be remem- 
bered that any such result would be fatal to the adoption of any 
system. The most usual method of renewing or attempting to 
renew the air of a room is that of trusting to the natural 
tendency of heated air to escape by means of any openings which 
may ezist, leaving the fresh air to find its way in as best it may. 
It need hardly be demonstrated that this system is a failure, 
even if it be accompanied, as it sometimes is, by the draught 
induced by a fire. There are days on which the barometrical 
conditions are such that the air will not move under the gentle 
compulsion of air heated within a room, as every steam user 
knows who has had a difficulty with his boiler draught on such 
occasions. Again, there are times when the temperature without 
is actually higher than that within, in which case it is impossible 
to hope for any movement of the air. Yet it is upon a system as 
antiquated as this that a body so distinguished as the Manchester 
School Board relies, for it ventilates its schools ^'by cross 
currents *' between an open window and an open fireplace. A 
better method is that of extraction, but even here there is need 
for caution. The so-called automatic extractors, although 
largely advertised, are in effect neither automatic nor extractive. 
The existence of an external current of air is an absolute 
necessity to their even partially successful working, and it is 
needless to say that this is not always present. Cases are 
not rare in which appliances of this nature have utterly failed 
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to remove the air from a room even partially. In the report 
for 1892, of Mr. Osbom, H.M. Chief Inspector under the Act 
named, the following remarks are made : — *' At this place, 
when built, some £600 had been expended on 'self-acting'* 
ventilation, which had proved 'non-acting' in summer, and 
in winter simply produced down draughts, and so had to 
be stopped entirely." Eeference is not now made to that 
type of ventilator which, when rotated, like the Howorth 
ventilator, does induce a partial current of air, although it 
may be doubted whether it is of sufficient strength to be 
of real service in all cases. The partial success of this type 
of ventilator is an additional proof, if it were needed, that 
some absolute application of force is required to give even such 
results. Extraction, to be successful, requires careful applica- 
tion, and care must be taken to see that the force provided is 
sufficient. It will therefore be profitable to set aside at once 
these cheap but ineffective appliances, and see in what way 
extraction can be accomplished with a reasonable hope of 
success. 

The methods of extraction usually adopted consist of the 
employment of an induced current of air within a shaft, or 
extraction by means of fans. The former is the more common 
method of the two, and has often been applied with considerable 
success. As the velocity of a current of air in an extractor 
shaft is practically the same as the draught of a chimney, it is 
calculable by the same rules as are used for that purpose, and 
depends upon the difference of temperatures at the bottom and 
top. The formula for this is where H = height of chimney in 
feet, T = temperature of air entering chimney, t = temperature 
of air at top of chimney, and Y = velocity in feet per second. 

V = 86*5 V^ H (T — t). Where the arrangements permit of 
the creation of a current of sufficient velocity the extraction of 
foul air can be effectively performed, but it is in all these cases 
desirable to see that the connecting flues are not too long, as 
otherwise the loss of suction by friction will be great. Thus, in 
a smooth pipe 24 inches in diameter, and 100 feet long, the loss 
of pressure by friction is, at a velocity of 1000 feet per minute, 
'046 ozs. per square inch. With a rough surface, such as a 
brick flue presents, the loss is greater. Given a sufficient 
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velocity and proper connections without bends, a large volume 
of air can be moved. It only requires pointing out that the 
effective employment of ventilating extractor shafts can only 
take place when means are taken to ensure, under all circum- 
stances of atmospheric pressure, an effective current. It is often 
the case that an extractor shaft is deprived of its usefulness in 
the summer time because no means are forthcoming to create a 
current, which, owing to the balance in the atmosphere within 
and without the building, cannot be naturally created. The 
provision of some form of furnace or heater is therefore impera- 
tive if the full effect is to be obtained from an appliance of this 
nature. The same factor materially affects many of the so-called 
automatic ventilators, which are of no value in still air and 
equal temperatures. At the same time there is no doubt that 
the removal of air from a building by the mere power of an 
extraction shaft can be effectually performed, but it is very rarely 
that, when means of this character are used, the connections 
are carefully and thoroughly thought out. It is necessary to 
ensure a connection with each room in such a way that it feels 
the full power of the extractive mechanism, and it is often the 
case that this portion of the work is very ineffectively carried 
out. The course and direction of the flues, the existence of 
sharp corners where bends should be found, the finish of the 
flue, and the number and position of the outlets alike have their 
influence upon the subject. The most perfect examples of 
ventilation are those in which the area and position of the 
openings into the extractive flues ^re alike ample and well 
placed, as in this way draughts are avoided while enabling a 
perfect extraction to take place. This is a point which will be 
reverted to at a later stage. 

With regard to mechanical extraction, there is, of course, no 
difficulty on this score. Those members who went over to the 
Peel Mill, at Bury, may have noticed in the cardroom tubes fixed 
in the windows, each having a small Blackman fan fixed in it, by 
means of which the fly and dust always existing more or less 
in cardrooms, is taken out. No doubt this method of application 
. has some merits, but it is not perfect, either in conception or the 
means of carrying it out. It would be much better in every case 
to remove the dust and fly by a duct below the level of machine 
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instead of above it, that is at the floor level, so as to prevent 
the fly getting into the room. The extractive current must be 
slow and gentle, so as to cause no draught. There is little 
doubt that this plan would prove the best, but it requires, of 
course, some special preparation in the floor of the building. No 
doubt many of the members have seen, or have some know- 
ledge of the process of preparing pottery for the market. Before 
the glaze has been applied, it is the practice to fix the article upon 
a wheel or disc, which is driven at a considerable speed. The 
operative holds to the piece of pottery a handful of coarse flax or 
hemp tow, and thus brushes off any superfluous dust from its 
surface, rendering it smooth for the succeeding process. This 
process of <' towing flat " as it is called, naturally gives rise to a lot 
of dust, and formerly this was evolved in clouds into the room and 
respired by the operatives. Naturally this was injurious to them, 
and ^* potters' asthma " is a well known disease. By a simple 
method of extractive ventilation, this process has been rendered 
as healthy as any other. Over the wheel is placed a glazed hood-, 
which does not obstruct the light or interfere with the free working 
of the attendant', whose hands pass easily into the hood to remove, 
replace, or brush the ** biscuit." At the back of the hood, in the 
bench or table, and behind the wheel, is an aperture connected with 
a duct coupling a group or series of wheels together, and having 
jLt its termination a lilackman fan working extractively. By 
this simple and inexpensive appliance the whole difficulty of the 
emission of dust has been overcome and many lives saved. This 
particular instance is only given to show how read^ily the principle 
of extraction from beneath can be applied. In this, as in many 
other things, absolute uniformity is neither possible nor desirable, 
and the circumstances of each case must be separately considered. 
There is no doubt that by a system of mechanical extraction, the 
condition of the air of a building can be kept comparatively pure. 
.The only thing to insist on is that the volume of air removed 
shall be ample to procure the necessary dilution of that within 
the building which has been fouled. It is not necessary to 
give any cut and dried rules for ventilation, because all 
that at this point is desirable is to lay down principles to 
meet the case. A few practical examples will be given before 
the paper closes. 
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All that has been said hitherto has dealt mainly with the 
removal of air from a building. It follows, as a matter of coarse, 
that the place of this outgoing air must be filled by an equal 
volume entering. As a rule, little more pains are taken to provide 
for this than are taken to ensure extraction. The Manchester 
School Board relies on open windows, but it need hardly be 
pointed out to an assembly containing a few bald heads that this 
is not quite common sense. Generally, however, the matter is 
left in a haphazard condition, but in some cases is compromised 
by the employment of Tobin's tubes. The chief fault of these 
will be pointed out at a later stage, and it will suffice at present 
to point out what the conditions are under which air can be 
effectively introduced into and removed from a room. In the first 
place it is necessary to fix upon the quantity which it is desired 
to provide. After that comes the important point of its distribu- 
tion. This must be so arranged in conjunction with the exit 
orifices, that no stagnant corners, untouched by the flow of air, 
should be left. This is a common fault in many otherwise well 
ventilated buildings, but can easily be avoided if desired. The 
air should enter at a velocity not greater than 8 feet per second, 
and only at that speed when the inlet orifice is above the heads 
of the occupants when standing. It has been found that with a 
velocity of 18 inches per second no sensation of draught is felt, 
but as it is often necessary, in order to give the requisite supply, 
the higher velocity is allowable, provided that the current does 
not impinge upon any person. The supply of air must be regular 
and continuous, and should be capable of being heated or humidi- 
fied if desired. The extraction, where it can possibly be arranged, 
should be at the floor level when warm air is entering, and near 
the ceiling if cold air be used. In buildings with internal walls 
it is better to arrange the inlets at one side, and the outlets at 
the other, but in the case of buildings like mills, this being 
impracticable, an extraction at the floor level would be preferable, 
and could be easily arranged. 

This brings us to the question of what is known as the 
** plenum," or pressure system, which is based upon the com- 
pulsory injection of air into a building. For the present it 
will be assumed that the air to be dealt with is cold, as the 
question of heating will be taken up hereafter. It is, let it be 
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assumed, required to force into a building 60,000 cubic feet of 
air per minute. To do this would require a fan or blower, many 
types of which are in the market. This fan is placed in the 
basement of a building, and is in direct connection with inlet 
and outlet flues. The delivery flues are arranged to diverge 
from the main duct, and are preferably built in the walls of the 
building. The method of doing this is shown from the illustration 
given herewith of the Pacific Mill at Lawrence, Mass., which 
is ventilated on the Sturtevant principle. This, as you will see 
from Plate 1, is a mill of three floors and a basement. There are 
several flues connected to a fan chamber, but each flue is allo- 
cated to one of the stories, and only discharges its air into that 
room. A decidedly better arrangement is that shown in Plate 2, 
Figs. 1 to 4, in which the flues are so arranged as to discharge 
into each room, being reduced in area as they go up. By a special 
arrangement of dampers the distribution of air can be regulated 
at will, so that each room gets its full share of air. By building 
out the flues as pilasters or piers, as shown, the inside of the 
building remains without interference, while its strength is not 
impaired. If the proper arrangement of flues were shown in 
this drawing the exits should be on the opposite side, and when 
such a distribution took place the air — ^if heated — should enter 
on the coldest side of the building. These instances are given 
as illustrating the general principle, and are subject to modifica- 
tions. The chief advantage of such an arrangement of flues is, 
of course, that the air is introduced into the room regularly and 
is well distributed. The compulsory introduction of air under 
a slight pressure absolutely ensures it being delivered in sufficient 
volume into the building, aud so long as there is any outlet it 
will continually flood it with a stream of fresh air. It is clear 
that in this way, and in this way only, is it possible to ensure 
the introduction of a defined quantity of air, and when it is 
combined with a system of extraction it gives the acme of 
ventilation. Several schools have been inspected by the writer 
in which the plenum system is combined with extraction, and 
the results as regards purity of air are of the highest character. 
The essential feature of this system, by whatsoever means 
carried out, is the creation of an air current distributed at such 
a velocity, in such a manner, and under such conditions as will 



214 VENTILATION, HEATING AND HUMIDITY. 

ensurie the constant renewal of the foul atmosphere^ It is 
possible to force into any building any desired quantity of air, 
and to ensure its absolutely even distribution throughout the 
whole building. This portion of the subject need not be laboured, 
but can be expanded in reply if desired. 

We now come to the important question of heating, which 
requires some special consideration. In order to obtain a true 
comprehension of the problems involved in heating a building, 
the conditions require to be thoroughly understood. If the 
structure of the building is such that large areas can be dealt 
with, as is the case when a warehouse or mill is treated, then the 
heating becomes a simple problem. If, on ibhe other hand, it is 
necessary to deal with a building sub-divided into a number of 
small apartments, the problem is more difficult. The difficulty, 
however, is not so much in kind as in degree, and a thorough 
investigation will show how this is so. It may be said that there 
are two main methods by which the accomplishment of the object 
is sought to be attained — by radiation and by conduction. The 
open fire-place or stove and radiators are examples of the 
former, while steam and hot water coils and heaters, and 
hot air systems, are examples of the latter. As a subdivision 
of the second method, the system of diffusion may be named. 
With regard to open fires and stoves, they are only permissible 
where comparatively small areas are to be considered, and 
for the purposes of this paper may be left untouched. Coming 
to the use of hot water or steam, it is necessary to consider 
the capacity of each for heating air. The question is solely 
one of the number of available heat units. The specific heat of 
air as compared with water is -2379, so that the heat which would 
raise a pound of water 1°F., would heat 4'20341bs. of air to the 
same extent. It foUows, therefore, that the medium which con- 
tains the greatest number of heat units, is capable of heating 
the larger volume of air. If it be assumed that hot water at a 
temperature of 212° F. is used for the purpose of heating and is 
cooled to 80° F. prior to its return to the boiler, only 132-864° are 
available for heating in each pound. This would heat 558'481bs. 
of air 1° F. If steam be used, the number of heat units is, 
although of some importance, subordinate to what maybe called 
{he. condensing capacity of the steam. That is to say, that the 
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difference between the sensible temperature of the steam and 
that of air, when heated to the required extent, determines the 
amount of condensation which can take place. For instance, 
steam at 161bs. absolute pressure has a sensible temperature of 
216-3°, while that at lOOlbs. absolute, is 827'57°. If the air be 
heated to 70° F., then the differences are 146*8° and 257-57° 
respectively, so that if condensation takes place in each case, 
followed by cooling to 70°, then the higher pressure steam will 
condense in the ratio of 1*75 : 1 as compared with the lower 
pressure steam. The heat units available are in steam at lOOlbs. 
absolute pressure, 1218-85 — 212 (the temperature of water of 
condensation at atmospheric pressure) = 1001-85. One pound 
of this would heat 42181bs. of air through 1° F. Now if the air 
be assumed to be 42° F., its weight, if dry, is -07911b. per cubic 
foot, and 4207lb8. = 58,261 cubic feet. Under the conditions 
named, lib. of the high pressure steam would heat 2805 cubic 
feet from 42° F. to 65° F. The table given on page 216 has 
been calculated in this way. 

Although the theoretical value of the steam as a heater can 
be thus obtained with accuracy, the difficult question as to how 
much of this can be made available remains in doubt. It 
depends upon the circumstances of each case, and is not easily 
calculable. The circumstances affecting this problem are many 
and variable. In buildiogs in which there are rooms with inside 
walls and no glass, or very little, the quantity of heating area 
wanted is much less than in a case where — as in a textile 
factory — there is a large window area. The relative amount of 
window and wall area and the situation of the building all affect 
this problem. The radiation from glass is very great, and 
wherever its area is large the quantity of heat supplied must be 
proportionally great. A 4in. cast-iron pipe with an area of 
1-809 square foot for each lineal foot, and ^in. thick, is computed 
to transmit in an hour 674 thermal units with the air at 62° F., 
and to condense *99 lbs of steam at 115 lbs. absolute, haviag a 
sensible temperature .of..8.8B° F., and containing 1216-97 thermal 
units per lb. According to an American writer, Mr. Robert 
Briggs, an open pipe radiator surrounded by air at a temperature 
of 60° F. will lose 1-8 units per hour per square foot for each 
degree of difference in the temperature of the air and steam. 
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This is equal to a transmission per square foot under the 
ciroumstanees named of 500-4 units, whioh is practically equal 
to that given above. Accepting this basis, therefore, it will 
be possible to establish a comparison between low and high 
pressure heating. Suppose that it is desired to use exhaust 
steam at practically atmospheric pressure, with a temperature 
of 215-9, and to reduce it to 60"" F., a differenc of 155-9^ The 
number of units thus given out per square foot during one hour 
would be 155-9 X 1*8 » 280-62. To obtain the condensation 
from this it is only necessary to divide the number of units 
evolved by the latent heat of steam. at atmospheric pressure, 
which would give a condensation equal to '29 lbs. for each square 
foot per hour. If the steam is at 105 lbs. absolute, a similar 
calculation gives a condensation of *57 lbs. This demonstrates 
that there is an increased efficiency with high pressure steam, 
and it is necessary, therefore, to provide a much less area in 
that case. The quantity of heating surface required varies, as 
has been said, with the varying circumstances ; but the following 
approximations will give some idea of what is wanted. One 
square foot of surface per 100 cubic feet is one rule. Other 
authorities give one square foot for each 10 square feet of glass, 
or for each 120 feet of wall or ceiling space. The allowances 
thus made can be varied judiciously, especially if appliances 
for inducing a rapid flow of air are employed. 

Before passing on to another branch of the subject, a word or 
two may be said on some special points. It has been pointed 
out that there is a large amount of radiation from the windows 
of any building, and this has the tendency to cool the air rapidly 
as it comes in contact with them, and thus produce a cold 
downward current which is often mistaken for a draught. 
Everyone must have experienced this difficulty, and it is obvious 
that it will always occur, especially if the outside air is at a low 
temperature. The remedy for this in heating any building is 
obviously to apply the heat below the windows, so that a warm 
current passes up in front of the windows and thence enters the 
room. The author has seen several examples of this arrange- 
ment in schools, which are giving the best results both 
economically and in the maintenance of an even and sufficient 
temperature. More will be said about this at a later stage. 
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From the table given previously it will be quite easy to calculate 
the amount of heat required to effectually warm any apartment. 
Thus, if steam of 15 lbs. pressure Cby gauge) be used to heat air 
from 40° to 60°,-or a range of 20°, as 59,815 cubic feet can be 
raised by lib. of steam when cooled to 60° F., 1° in temperature 

59 815 

* = 2990-75 can be raised 20°. If, now, a room 800ft. by 
20 » . » J 

125ft. by 12ft., containing 450,000 cubic feet, be dealt with, 

450,000 ,,^ ,,^ ^ , i :, i. X, X 

c^?z?^^^ = 16D'41bs. of steam are wanted for that purpose. As 

2990-75 ^ *^ 

the cooling goes on below 212° F., a smaller quantity of 

steam is required, which is always to be borne in mind. The 

difference in the temperature of the steam and that of the air 

would be 190*24°, and the number of units given out, if the 

ste^m be cooled to 60°, 342*4. Dividing this by the latent heat 

of steam at 151bs., it will be found that *3641b9. would be con^ 

150*4 
densed per square foot of surface. Therefore =418 square 

feet of heating surface is required for the purpose. This 
example will serve to show how the necessary amount can be 
approximately arrived at. It is customary in heating buildings 
to use principally one of three methods, viz., to carry pipes round 
each room, either above or below the floor ; to fix in suitable 
places coils or radiators ; or to suspend at a suitable height from 
the floor steam pipes. The first two methods are generally 
adopted in public and private buildings, while in textile factories 
the latter is practically universal. Which of the three shall be 
adopted in any particular case must be left to the discretion of 
the designer. There is a fourth method, which is adopted when 
the plenum system of ventilation is used, namely, that of heating 
the air by radiating coils at one point prior to its discharge into 
the room. The exact advantages of this system will be dealt 
with hereafter. In the meantime it may be said that in many 
cases the plan is meeting with great favour and success, and its 
adoption is proceeding with considerable rapidity. 

It is now necessary to consider a question which is of great 
interest, and which has probably for some members, a greater 
importance than any other of those treated. That i^ the subject 
X)f humidity. There is a disposition to treat this subject as though 
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it was one which affected only the textile manufacturer. As a 
matter of fact it is one which affects all ventilation, for nothing 
is more injurious or less^ bearable than a dry. heat artificially 
produced. Anyone who has experienced the effects of living 
constantly in a building in which the air is dried by the excessive 
application of heat, will at once admit that the result is at once^ 
disagreeable and unhealthy. In the English climate, oven in dry 
weather, we are used to humidity, and there is little doubt that, 
although it has its unpleasant side, it is in the main beneficial. 
It will perhaps be as well, if the conclusions drawn from a 
number of tabulated observations made in the neighbourhood of 
Manchester by one of our members, Mr. Nodal, be referred to. 
•These were reported to the United States Government by Col. 
Albert Shaw, who, a few years ago, was consul for that country 
in Manchester. It may be known to many members that this 
country is subjected to the influence of a series of cyclonic move- 
ments of the air, which oscillate between certain ascertainable 
points. The direction in which the storm centres travel, is from 
the Atlantic in a north-easterly direction towards Norway, and 
the air, in revolving round these centres, always travels, when to 
the southward of the direction of their movement, from west to 
east. The result is that Lancashire and the district about it, 
** receive the moist winds on their first approach from the sea, 
and is also subjected, in the main, to the broader belts of the 
southerly and westerly winds as they circulate round these 
passing centres. As the warm moist winds spread over the land 
the vapour is condensed into rain or mist, and speedily falls 
again in the form of rain." Mr. Nodal gives the mean of ten 
years' rainfall and temperature from January 1st. to June 30th, 

as follows : 

Rainfall at Holyhead, inches 13*73 
Temperature do. degrees F- 48 

Rainfall at Shields, inches 10*34 
Temperature] do. degrees F. 45 

He goes on to say, ** The most sudden changes in our temperature 
occur at the coming and going of the cyclonic systems. As they 
approach us the temperature rises quickly, but our manufacturers 
suffer nothing from this, because the humidity of our atmosphere 
increases with it ; but as they retire, the fall of- temperature is 
frequently more sudden, though, perhaps, witlnii a more limited 
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range ***** As an instance * * * I may 
mention the passing of a storm centre which occurred on the 
26th November, 1881. It was during the passage of a large 
depression or storm centre, accompanied by a violent gale. At 
8 A.M. on the morning of the 26th November, the wind came light 
from the S.S.W. ; the temperature of the air was 86° and the 
relative humidity (assuming 1000 to represent saturation) was 
910 ; about noon the gale commenced and the temperature had 
risen to 54°. At 8 p.m. the same evening no change had taken 
place in the temperature, but the humidity had increased to 980, 
the wind still blowing a hard gale from S.W. by W. Just before 
the shift of wind to the N.W., the temperature fell to 48° and the 
humidity decreased to 800. These sudden changes, especially 
as regards the humidity, which occur in the rear of such 
disturbances, is one source of trouble in our cotton mills, although 
as a rule but of shorfc duration. As to our cold seasons, it not 
infrequently happens that during some of our severe frosts, the 
relative humidity is very high, being frequently found to be almost 
at the point of saturation, and if the wind is light for days, and 
sometimes for weeks together, the land is more or less enveloped 
in thick white mist. ****'!' If an area of high atmo- 
spheric pressure, or what is called an anti-cyclone, and which is 
of a comparatively stationary character, forms in our district so 
as to cause these strong easterly and south-easterly winds, which 
may last for weeks, then evaporation proceeds rapidly, and the 
atmosphere becomes exceedingly dry. Such a wind seriously 
affects the cotton manufacturers of this country ; the production 
is reduced by at least 5 per cent., and the quality suffers to an 
equal if not to a greater extent." These extracts have been 
given because they give an accurate and lucid explanation of 
the fluctuations in humidity which are common in this country. 
According to a report furnished to Col. Shaw by the Astronomer 
Royal, the mean humidity per cent, from January 1881 to 
May 1892, was as follows : 

1881. 

January 86 July 76 

February 88 August 84 

March 80 September 90 

April 76 October 86 

May 75 NoYember 87 

June 72 December 89 
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1882. 

January 89 April . . . . , , . . 82 

February 88 May 75 

March 82 

It is now perhaps as well to explain what is meant by the 
relative humidity of air. The atmosphere is capable of retaining 
in suspension, without deposition, a certain weight of aqueous 
vapour depending directly upon the temperature of the air. 
Thus the higher the temperature the greater weight of vapour 
which remains suspended. When the air is so charged with 
vapour that it can hold no more it is said to be saturated. 
The number of grains contained at any period can be ascertained 
and compared with that which gives saturation. Assuming the 
latter number to be 100, then the relative humidity is found by 
a comparison of the actual number of grains contained in the 
air with that number. In other words it is a percentage of 
complete saturation. The readiest way, and the one which in 
in actual practice is adopted, to discover the relative humidity 
is to employ two thermometers, the one with its bulb dry and 
exposed to the atmosphere, and the other with its bulb surrounded 
with a muslin covering kept perpetually moistened with water 
fed to it by the capillary action of cotton strands communicating 
with a vessel containing water. So long as the air is capable of 
absorbing by evaporation the water in the muslin covering of 
the bulb, the mercury in that thermometer will show a lower 
reading than the one with the dry bulb. By ascertaining the 
relative readings of the two thermometers it is easy to ascertain 
the amount of humidity, because complete saturation is 
followed by equal readings of both thermometers. By a series 
of experiments and calculations the weight of vapour which 
saturates air at a given temperature has been ascertained, so 
that is quite easy to find the point of saturation from tables 
which are published. Having got this it is only necessary to 
compare with the number of grains in the air at the temperature 
shown by the wet bulb to ascertain the relative humidity. At 
this point it may be well to give a word of warning as to the form 
of hygrometers used. A standard instrument is produced, 
which will serve as a model for others. Of this instrument Mr. 
Osbom says: "the same firm (John Davis & Sons, Derby) 
have produced an excellent hygrometer, in which the glass of the 
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tube magnifies the mercury column , so as to render the errors in 
taking the readings which arise from the ordinary thread-like 
columns, impossible with ordinary sight." The essence of a 
correct hygrometer is the entire separation of the reservoir of 
water from the dry bulb thermometer, and it should be not less 
than 4 inches away. In many instruments sold for this purpose 
the construction is such that the position of the reservoir must 
affect the dry bulb thermometer. An investigation by Mr. W. 
W. Midgely, of Bolton, has demonstrated that considerable 
errors exist in the ordinary commercial instruments. 

Having thus stated briefly the theory upon which the science 
of humidity depends, we now come to its practical application. 
In considering this it will be as well to take as examples 
the appliances used in textile factories, as being best known. 
The crudest method, and that which was formerly the only 
one followed, was the injection of steam into the room by 
means of small jets fixed in pipes. It was the unhealthy 
atmosphere created by this unscientific and barbarous method 
which, led to the enactment of the Cotton Cloth Factory Act. 
It is not too much to say, that although this Act was at its 
inception strongly opposed by the employers of the district, it 
has proved and will continue to prove one of the most beneficial 
Acts from their point of view passed in this century. For just 
as there is Oi best way of using steam in a steam engine so there 
is a best way of humidifying under specific circumstances. 
The extract which was read from Mr. Nodal's report con- 
clusively proves that in a short time completely different 
conditions may prevail so far as the hygrometrical conditions 
are concerned. It follows therefore that any special employ- 
ment of mechanical contrivances for the production of humidity 
may be quite right under one set of circumstances, and entirely 
wrong under another. It will be worth while considering, 
before going farther, what are the true conditions which require 
fulfilment before a perfect result can be expected. 

The existence of humidity in the atmosphere is undoubted, 
and it is equally clear that it is a complete mixture or incorpora- 
tion, and not in one sense a mere suspension of aqueous vapour. 
Every unit of atmosphere contains in the same place and time 
an equal amount of vapour to that contained by every other 
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unit. The result is that on a day when saturation is nearly 
reached the air entering a building from without is equally 
charged with humidity, and when diffused — unless dried — pro- 
duces an equally humid atmosphere within. Further, if the air 
be, as it often is, of high temperature, the weight of vapour 
contained may be very large. Thus complete saturation of the 
air at 40° F. only implies the presence of 2-9 grains per cubic 
foot, while at a temperature of 90° F. 14*8 grains are required 
to produce it. From these two facts, briefly but sufficiently 
stated, two things may be inferred. First, that the production 
of a complete incorporation of the vapour with the air is neces- 
sary to produce equal results to those obtained with air naturally 
humid ; and second, that the amount of humidity imparted to 
the air must be capable of variation when required to meet 
varying circumstances. It follows as a natural corollary from 
this that when it is desired at one and the same time to preserve a 
high temperature along with a definite state of humidity, the air 
will become more easily charged if it is, prior to coming in contact 
with the humidifying material, heated to a suitable temperature. 
It is not necessary to go into any elaborate argument on this 
subject, as it is perfectly obvious from what has been previously 
said about the facts underlying it. 

It was said that the injection of steam into weaving sheds was 
the main cause of the passage of the Cotton Cloth Factory Act. 
The reason for the commencement of this practice in this 
country was to enable the easier weaving of the heavily sized 
calicoes. In the United States of America, and other districts 
where there is a prevalent dry atmosphere, the practice of 
introducing humidity into the air has long been known. 
Further, it has been discovered that there are certain places 
where the extra dryness of the air seriously militates against 
successful manufacture. In spite of this the growth of scientific 
methods of humidifying has been very slow. The flooding of 
the floors of spinning and weaving rooms with water is a 
recognition of the necessity for some provision of the sort, the 
operation here being a slow evaporation arising from the heat 
of the rooms. All these plans are crude' and unsatisfactory 
alike from the point of view of effectiveness and economy, and 
it is not, therefore, surprising that other modes were suggested. 
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As a result of the opposition to the injection of steam the Aot 
referred to was passed, and fixed by its provisions the quantity 
of air to be supplied per head, and the maximum amount of 
humidity which was permissible. Six hundred cubic feet of 
fresh air per person was fixed as the air supply, and a schedule 
of maximum humidities was also drawn, which has been since 
slightly amended, the amended table being here given : — 



Maximum Limits of Humidity of Atmosphere at given 

Temperatures. 



Grains ct 

vapour per 

Gfubic foot 

of air. 




P0 


Percentage 

of Humidity. 

Saturation 

— 100. 


vapour per 

euUo foot 

of air. 


Dry Bulb 

thermom. 

rcadingB, 

Deg. Fahr. 


Wet Bulb 

thennom. 

readings, 

Deg. Fkhr. 




•9 


35 


33 


80 


6-6 


68 


66 


88 


•0 


36 


34 


82 


6-9 


69 


67 


88 


•1 


37 


35 


83 


71 


70 


68 


88 


2-2 


38 


36 


83 


71 


71 


68-5 


85-6 


2-3 


39 


37 


84 


71 


72 


69 


84 


2-4 


40 


38 


84 


7-4 


73 


70 


84 


2-6 


41 


39 


84 


7-4 


74 


70-6 


81-6 


2-6 


42 


40 


86 


7-65 


75 


71-5 


81-5 


2-7 


43 


41 


84 


7-7 


76 


72 


79 


2-8 


44 


42 


84 


8-0 


77 


73 


79 


2-9 


45 


43 


^ 85 


8-0 


78 


73-5 


77 


31 


46 


44 


86 


8-25 


79 


74-5 


77-5 


3-2 


47 


45 


86 


8-65 


80 


76-6 


77-6 


3-3 


48 


46 


86 


8-6 


81 


76 


76 


3-4 


49 


47 


86 


8-66 


82 


76-5 


74 


3-5 


60 


48 


86 


8-85 


83 


77-6 


74 


3-6 


51 


49 


86 


8-9 


84 


78 


72 


3-8 


52 


60 


86 


9-2 


86 


79 


72 


3-9 


53 


51 


86 


9-5 


86 


80 


72 


41 


64 


52 


86 


9-66 


87 


80-5 


71 


4-2 


55 


53 


87 


9-9 


88 


81-6 


71 


4-4 


56 


54 


87 


10-25 


89 


82-6 


71 


4-5 


57 


56 


87 


10-3 


90 


83 


69 


4-7 


58 


56 


87 


10-35 


91 


83-5 


68 


4-9 


59 


57 


88 


10-7 


92 


84-6 


68 


61 


60 


68 


88 


no 


93 


86-5 


68 


6-2 


61 


59 


88 


111 


94 


86 


66 


6-4 


62 


60 


88 


11-5 


96 


87 


66 


6-6 


63 


61 


88 


11-8 


96 


88 


66 


4-8 


64 


62 


88 


11-9 


97 


88-5 


66-6 


60 


65 


63 


88 


120 


98 


89 


64 


6-2 


66 


64 


88 


12-3 


99 


90 


64 


6-4 


67 


65 


88 


12-7 


100 


91 


64 
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It should be oarefallj noted that these figures are the figures 
of the maximum limits and do not mean that they must be 
worked to. In all practical appliances for producing humidity in 
weaving sheds, therefore, there are two factors to be kept in view, 
the introduction of the defined volume of air, and the charging 
of it with the requisite moisture. For spinning rooms, the intro- 
duction of the air is not so essential. It can now be seen how 
it is proposed to effect these objects. 

There are two principal opposing schools on this subject, who 
each employ a special set of appliances. There are first, those 
appliances which produce a spray by the action of an air or water 
jet under pressure against an emerging stream of water ; the 
appliance being practically complete in itself and a series of the 
instruments being disposed about the room. In America, these 
are called with admirable directness ** atomisers.'' In the second 
place there is that class of apparatus which charges the air with 
moisture prior to injecting it into the room and distributes it by 
means of pipes. 

A.S an example of the first class, the apparatus shown in Plate 3 
may be explained. This is Tattersall's Humidifier, and is made 
by the Textile Ventilating and Humidifying Co., of Accrington. 

Before actually proceeding to describe the instrument itself, a 
few words may be spent on the method of supplying it with air 
and water. From a convenient point pipes are led from an air 
compressor to the various rooms at intervals in which the humi- 
difiers are placed. Running parallel with these pipes are two 
others, one supplying water, and the other taking away the shght 
waste caused. The water is supplied from a central point by 
means of a small cistern fitted with a ball tap so as to give the 
necessary quantity. If required, the air can be heated by the 
injection of steam into the pipe supplying it. Although it forms, 
essentially, no part of this subject, it may be mentioned that 
Mr. Tattersall has invented for use with this instrument a cheap 
but very effective air compressor, which easily maintains a pressure 
of Slbs. to the square inch. It consists of a vibrating plate 
centred on a rocking shaft worked by a crank and connecting rod 
driven from the main shaft. The plate oscillates within a 
chamber specially shaped to its sweep and having on each side an 
inlet and outlet valve. Very little power is required to drive the 
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compressor, and it works with great smoothness and effectiveness . 
The hamldifiier itself consists, first of an air nozzle at each side 
of the air delivery pipe, placed horizontally and at such a level 
that the current is discharged immediately above the exit orifice 
of the vertical water delivery nozzle. The effect is that the water 
which emerges, is blown into a spray, and discharged by means 
of the curved distributors into the room. The distributors are 
practically curved troughs, which give direction to the spray and 
lend themselves to an effective dispersal of it. At the inner end 
a small hole is formed by which any heavy drops are drained off 
and carried away as described. It will be noticed that this is an 
apparatus for producing a fine spray, the distribution of which 
can be arranged to extend over a wide area. Another spray 
instrument, the Drosophore, produces the necessary subdivision 
by the action of two water jets. Two nozzles, one descending 
and the other ascending, are placed exactly opposite each other. 
The aperture in the lower nozzle is slightly smaller than that 
in the upper one, but both are fed from the same source, with 
water at about lOOlbs. pressure. The water emerging from the 
larger aperture is met by the ascending jet, and forced into a 
fine spray, while the force of the downward current is sufl&cient 
to create a rapid current of air, which, with the atomised 
moisture is discharged into the room, being distributed by the 
action of a dished plate. (See Plates 4 and 5.) 

The second class of humidifying apparatus takes two forms. 
In the first a steam nozzle is fixed at the entrance to a tube 
connecting either to the outer air or the room to be treated, and 
by means of which a combined mixture of steam and air is 
injected into the building. Mr. Pye of Blackburn, makes an 
appliance of this nature, and in his case he distributes the com- 
bined air and vapour into the room by main pipes and branches 
from them. The pipes are made of galvanized iron, and are 
provided with outlets, the area of which can be closed by small 
slides in order to regulate the distribution. This device is simple 
and under control. 

Another form is that adopted by Messrs. Jas. Ho worth & Co., 
of Farnworth, who have long been known as ventilating 
engineers. They make four forms of devices for this purpose, 
two of them being practically of the spraying order and the 
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others of the absorption type. It is only necessary to describe 
one of the latter, which is shown in Plate 6. This consists first of 
a cylindrical vessel B, into which the air is drawn by the suction 
of a fan placed beyond it. In this chamber the air can be heated 
by steam as it passes through. The hot or cold air, when taken 
from this chamber, is discharged by a pipe passing down the 
centre of a cylindrical vessel D. The pipe discharges a little 
above the bottom of the vessel, in which is always kept a certain 
depth of water, regulated by means of a ball tap, as shown at E. 
At the upper part of this vessel the discharge pipe leaves and is 
conveyed through the room which is being treated. In this pipe 
are placed the requisite number of discharging orifices, in each 
of which a small distributor is placed. The distributor is given 
a rotary movement by the passage of the air, so as to eject it 
in all directions. The effect of this arrangement is that, whether 
heated or not, the air is sent with great force into the water, 
and produces in it a considerable disturbance, being practically 
passed through it. The result is that the air is charged with 
moisture very thoroughly, and, when it leaves the vessel, 
contains a mixture of air and vapour in an intimate condition. 
The height of the second vessel is such that no drops of water 
can be carried over. It is quite true that there is a slight 
deposition of water which has not been absorbed by the air, but 
it is not great, and, what is important, takes place in the con- 
veying tubes, and the water does not find its way through the 
distributors. 

Having thus dealt with the two principal types of apparatus 
used, it is possible to proceed to the consideration of some points 
of importance. The object of humidity in a textile factory is to 
preserve the natural moisture in the fibre being treated, in order 
that it may, as far as possible, maintain its original condition. 
The heat of spinning-rooms in cotton mills, for instance, is such 
that unless there was some vapour contained in the air the 
amount of natural moisture, which is about 8 per cent., would 
very speedily be diminished. On the other hand it is equally 
necessary that the temperature of working should be high, in 
order to soften and render flexible the natural coating of wax 
surrounding the fibre. Whatever may be the fibre treated, it is 
better for the presence of moisture, and this it is which has 
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rendered the west coast of this country so admirably adapted for 
spinning. This point may be illustrated by the record of some 
tests of the strength of linen sail cloth when dry and wet. 



Fabric A. 


Fabmo D. 


Moisture per 
cent. 


Strength in 
Kilos. 


Moisture per 
cent. 


Strength in 
Eilofi. 


0-0 


178 


00 . 


147 


41 


197 


2-2 


153 


7-6 


243 


60 


170 


9-8 


277 


6-7 


203 


12 


345 


11-2 


250 


13-6 


378 


13-3 


265 


26-4 


405 


310 


280 



The thick figures represent the amount of moisture in the material 

as delivered. 

It has, however, been pointed out that there is a difficulty in 
maintaining an even degree of humidity if natural means only 
are employed ; and, further, the usual method of heating mills 
has the disadvantage of drying the air. The presence of heated 
steam pipes in a room, especially if they are filled with high 
pressure steam, speedily leads to a drying of the air. This 
property has an immediate effect upon any fibres which are 
dealt with in such an atmosphere. In cotton an electrical 
condition is created, which causes the fibres to project outside 
the thread or roving, and thus escape being twisted into the 
yarn, which is weakened thereby. Now, to avoid this trouble — 
which is greater abroad than in this country — ^humidification is 
absolutely necessary. It may be noted that, in the experience 
of a careful observer, ** The admission of steam will usually 
increase the humidity ; but in cases which have come under 
my notice, more heat than moisture was received into the room 
from the steam, and the relative humidity fell, the steam here 
doing injury instead of benefit, and this is a matter to be guarded 
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against in the use of this method of moistening." As to the 
exact amount of humidity to be produced in any room, this is 
a point upon which nothing definite can be said. The amount 
needed is often lower than is sometimes thought to be necessary, 
but there are so many circumstances which affect the problem 
that it is quite impossible to give even an approximate rule. If, 
however, the form of the humidifier be determined on, then the 
ascertainment of the exact conditions is easy, and requires little, 
if any, trouble. The only thing to be noted is that the advantage 
of artificial humidity is that the required degree can be obtained 
with exactitude independently of the ordinary meteorological 
fluctuations . 

This subject is not without importance in other cases than 

textile factories. The maintenance of a definite degree of 

humidity in any building in which persons are employed or 

congregated is absolutely necessary to comfort and health. In 

a humid atmosphere the exhalations from the skin are, although 

possibly more noticeable, not so great, and this is of immense 

importance in public buildings. In factories where dusty 

employments are followed, the presence of a humid atmosphere 

would decrease the quantity of dust. The peculiar smell and 

taste of air which is heated by means of iron tubes or furnaces 

has probably been experienced by all, and the evil effects of 

such an atmosphere are many and various. In all these cases 

the provision of humidity is absolutely necessary if a real success 

is to be attained. With regard to the question of air supply, 

this will, of course, vary with the circumstances. In buildings 

such as schools it should always be derived from without, and 

be filtered prior to heating. In textile mills, owing to the large 

capacity of the rooms, not quite such a volume of fresh air is 

required, and it is the least in spinning rooms, where the 

number of people employed is comparatively small. The air of 

these rooms is therefore in part humidified several times, but in 

each case the provision of a certain volume of fresh air is 

necessary. The element of cost, provided efficiency is obtained, 

is most important, and the repeated use of the air is therefore 

permissible. 

This brings us to the final point of this paper and to the 
question — ^What is the true system of ventilation ? It has 
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been shown that the three subjects of ventilation, heating, 
and humidifying, are closely connected. If a system can be 
produced which enables all these three objects to be attained 
simultaneously, a great gain accrues. It is proposed, therefore, 
to put into concrete shape the best practice and to describe what 
is the most perfect system known. In the early part of this 
paper it was indicated that there were two main methods of 
ventilation other than the haphazard mode facetiously called 
'* natural ventilation." These are exhaustion or aspiration and 
the plenum or pressure system. Each of these has been tried 
separately and in combination, and, in the opinion of the author, 
the best results are got by the latter method. It is proposed, 
therefore, to give a brief description of one or two school build- 
ings so ventilated. In this country we have no organised system 
of ventilation adopted as a standard by our Government depart- 
ments. Our American cousins, whose care of their schools is 
notorious, are much more drastic in this respect. The law in 
Massachussetts is substantially as follows : 

To guarantee to famish at least 80 cabio feet of fresh, properly warmed 
and ciroolated air per minute for each pupil, allowing any given number, 
say 50, pupils to each room, and to remove an equal quantity of vitiated 
air per minute for each pupil. To maintain a temperature of at least 70° 
in each room in the coldest weather, the temperature not to vary more 
than 3° between any two points in the room on the same level at the same 
time. The whole to be done subject to the approval of the State inspector 
of public buildings for the district in which the building is situated ; said 
inspector to examine and give a written approval of the work before more 
than one-half the contract price is paid to the contractor or his agent. 

It may be asserted that if some of our architects were brought 
face to face with such a law, they would have to take some pains 
to get out of that condition of blissful ignorance on this subject 
which is at present their lot. In Plate 7, the plan is given of the 
proposed ventilation on the Sturtevant plan for a school for 1200 
children, designed oh the central hall and class-room principle, 
by Messrs. J. W. and B. F. Beaumont, of Manchester. In 
the basement is fixed a gas engine, driving a large fan drawing 
its air from above the floor level and discharging it into a large 
heating chamber, in which a number of steam coils are placed. 
The air is taken from the heating chamber to distributing ducts 
built in the walls, a cold air system being also provided, by 
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which the heated air can be redaced in temperature or cold air 
only introduced. The air is discharged into the room by an outlet 
placed about 8 feet above the floor level. The extract ducts adjoin 
the admission ducts, and remove the air at the floor level by an 
outlet so provided. This will give a general idea of the arrange- 
ment of ducts and of the system. It is supplemented by an 
illustration of an arrangement of the Blackman-Smead system 
of ventilation, which has some special points. This is shown 
in Plate 8. It will be seen that in the basement the air is 
admitted by louvres, and is, after being passed through a wet 
screen, drawn through a heater consisting of a number of tubes 
heated by a furnace. Two Blackman propellers are placed beyond 
this point, one drawing air through the warmer, and the other 
through the entrance chamber. Thus there are, as in the 
preceding case, two currents created, one of cold and the other 
of warmed air, and the two ducts necessary are carried forward, 
and discharge into the conveying flues out of which the openings 
into the rooms branch. These openings are about 8 feet from 
the floor level. By means of valves controlled in each room, the 
sapply of cold air can be shut off without diminishing the volume 
delivered. This plan enables the temperature in any room to be 
easily regulated at will. In another arrangement under this 
system, a mixing chamber is employed in the basement, by means 
of which the temperature of the air distributed can be regulated 
from one point. Another instance from English practice maybe 
given. Some time ago, the author inspected the Waverley Boad 
Board School, Birmingham, which is one of the most admirable 
higher grade schools in existence. In this school manual wood- 
working, mechanical drawing, mechanics, and practical and 
theoretical chemistry are taught to boys, and there is in addition, 
a special section for girls. The central hall has class-rooms 
opening out of it on each side, and is ventilated by means of air 
entering at each side through double radiators under the windows 
looking into the class-rooms. The latter are provided with a 
similar arrangement for each. This system of admission is 
adopted throughout the school, and the radiator warms the air 
in winter, while acting as an inlet for cold fresh air in summer. 
The height of the inlets from the floor is about 4 feet and they 
discharge upwards. The exit of the air is arranged to be at the floor 
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level in winter and at the ceiling in sammer, and care is taken 
to difltribate the outlets and make them of ample area in order 
to avoid any draughts such as are caused when the outlets are 
in one position. The outlet ducts are coupled to a central 
extractor shaft, which is tastefully worked up in an inexpensive 
manner into an architectural feature. In the chemical laboratory 
the admission of air is of the same character, but below the floor 
flues coupled to the fuming muffles and the extractor shaft are 
formed. The result is that the air is always pure even if a large 
number of students are at work at once. The air is injected 
by means of a large fan driven by a gas engine, and is sufficient 
in volume to change all the cubical contents in 15 minutes. 
In all the most recent Birmingham Schools this system of 
injection and extraction combined is used with most satisfactory 
results. The author is much indebted to Messrs. Martin and 
Chamberlain, architects to the Birmingham School Board, for 
the trouble they took in letting him see several of these schools, 
and for information given. 

In carrying out work of this kind there are a few points 
which are necessary to be borne in mind. It is desirable that 
all the details of the plan should be considered before beginning, 
because the proper position of the ducts can only then be fixed. 
These should be made of ample size so as to restrict the 
velocity of the air current within them. No greater velocity 
than 600 feet per minute should be given to the air in the 
ducts, and its exit should be made at a velocity not exceeding 
200 feet per minute. In altering the direction of the ducts, or 
in forming branches, curves should be adopted and angular 
comers in every case avoided. The inlets from the ducts — ^if 
used — ^should be covered with strong wire net- work, but grates 
which restrict the area must in every case be avoided. The size 
of the inlet and outlet apertures is important. If the former are 
restricted the entrance of the air is impeded, while if the latter 
are too small the exit of the air is difficult. If the plenum system 
is adopted it is better to have the exits smaller than the inlets, 
as by this means a slight pressure within the building is 
created. When a combined plenum and exhaustion system is 
used then the reverse of these dimensions should be adopted, as 
in that case a constant and steady flow of air is kept up without 
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draughts, and a good deal of weight is taken off the fan. 
A. recent American writer on this subject says, " By the plenum 
method of forcing air into a room, without adequate means of 
circulating and removing it, a large number of experiments by 
the inspectors (State officials) have demonstrated that there is 
a large amount of both heat and fresh air wasted by escape 
through the outer walls and ceiling without circulating through 
the room. A strong exhaust without provision for introducing 
a proper supply of warm air is objectionable on the ground of 
economy in heating, and also in being unable to maintain an 
even temperature in all parts of the room. A large number of 
tests show that the best results are obtained by a judicious 
combination of the plenum and exhaust methods.'* In placing 
radiators or steam heating coils in a room, experience has 
shown that by placing them a little above the top of the 
opening from the air duct better results are obtained. It is 
desirable to provide means for regulating the exhaust by closing 
the apertures and thus diminishing the amount of air exhausted. 
If a central beater is used the air should be raised to about 55° F., 
and, if required to be further heated, should be dealt with by means 
of coils or radiators at the outlets. In the opinion of the author, 
hot water under pressure is the most convenient method for 
schools and public buildings, next to which may be placed low 
pressure steam. Air heated by means of a furnace is most 
objectionable. It may be worth mendiioning that in schools 
where the system just described is used, the cloakrooms can 
be arranged with double hat and cloak rails placed over inlets in 
the floor, so that the air passes between the rails and effectually 
dries the clothes hung on them. The admission of air without 
heating, as in the case of Tobin's tubes, is absurd and extremely 
wasteful of fuel. 

A few words may be said on this question as affecting the 
health of persons under ordinary conditions of ventilation. 
The first rough investigation into this matter was made by 
Dr. Angus Smith, who analysed the air from various public 
and private places with a view of ascertaining the quantity of 
carbonic acid contained therein. The science of bacteriology has 
practically developed since his day, and we now know that there 
may be floating about in the air organisms far more deadly and 
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pernicious than carbonic acid. It is a clearly ascertained fact that 
the presence of human beings leads to the emanation of large 
qaantities of minute organisms, especially in certain states of 
health. Drs. Camelly, Haldane, and Anderson have found from 
analyses of the air of a number of Dundee schoolrooms as many as 
169 micro-organisms per litre of air to exist. Similar analyses 
made by Professor Bedson, in Newcastle, showed the presence of 
224 per litre. It is not necessary to describe in detail the method 
of ascertaining the number, it being sufficient to say that it is 
effected by their cultivation on previously sterilised gelatine. It 
may, however, be stated that, taking the mean of 18 Board 
Schools in Dundee which are '* naturally '' ventilated, the three 
gentlemen named found 20 parts of carbonic acid in 10,000 
parts of air, 17*4 parts of organic matter, and 127 micro- 
organisms per litre. The last results obtained in Edinburgh, 
according to Mr. Cosmo Burton, were, taking a mean of 10 
schools, 18*4 parts of carbonic acid per 10,000, 8*8 of organic 
matter, and 47 micro-organisms per litre. Without labouring 
these figures it is abundantly clear that the state of the air in 
the best schools — even in the comparatively pure air of Edin- 
burgh — ^is bad, while in the worst it is difficult to find a name 
for it. The result of modem science is to demonstrate that the 
so-called ** natural " system of ventilation does not purify the 
air, but leaves it in a foul condition. Mr. Eobson well says 
'' The removal (or attempted removal) of heated or vitiated air 
from a room by means of an aperture or flue is often supposed 
to be ventilation. It is only a part — a necessary part — of 

ventilation No system can be really good which 

does not contemplate a continual removal of foul, and the 
supply of fresh, air to the room.'* 

The alternative systems of heating by the radiation from 
hot water or steam coils, although fairly effective, has the 
disadvantage that it does not keep the air so pure as does the 
system of heat conduction. A series of observations made in 
Dundee, Aberdeen, Edinburgh, and Newcastle, show that the 
number of micro-organisms is much greater in each litre of air 
in schools heated by radiation than in those in which the heat 
is conducted. As this is one of the most important matters in 
connection with the subject, it may be dealt with in some 
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detail, even at the risk of lengthening this paper. In this 
subject, as in many others connected with educational policy, 
the Scotch Boards have led the way, and the example they have 
set has been, and is being, extensively followed. To Mr. 
William Cunningham, of Dundee, an able engineer, belongs the 
credit of having pushed this matter to the front, and of being 
the first person to give it practical form. In a report furnished 
to the Dundee School Board by Dr. Camelly, in 1888, at their 
request, the circumstances of 150 schools being personally 
investigated, and reports from 178 others received ; and nothing 
can be better than to state in a condensed form the recommenda- 
tion of Dr. Garnelly, which have since received the imprimatur 
of many other distinguished scieutific authorities. 

'< For new schools mechanical ventilation should be employed. 

1st. — Because it is more comfortable, the room being kept 
warmer, and the temperature more uniform and more equally 
distributed, whilst draughts are, as far as possible, avoided. 

2nd. — Because it is much healthier, and prevents the spread 
of infectious diseases, owing to the rooms being supplied with 
purer air. 

8rd. — Because the children by it are enabled to derive greater 
benefit from their education. 

4th. — Because it increases their grant earning power without 
increasing the labour of earning the grant. 

5th. — Because it increases the teaching power of the teacher. 

The extra cost of mechanical ventilation over and above that 
of ordinary methods (including both annual expenses and interest 
on first cost) is about Jgd9 a year in a school for 1,000 children, 
or 9i per head of accommodation. For a school of 1500 
children the cost would be only three-fourths of the above. 

Part of the cost could be met quite easily by reducing the 
customary height of the rooms by one or two feet. This reduc- 
tion in height would not at all detract from the health or 
comfort of the children. Thus, a reduction of the usual height 
of the rooms by one foot would, at 2cl. per cubic foot, reduce the 
first cost of the school by about £70 on a school for 1,000 
children, or Is. 6d. per head/* As a matter of fact the costs 
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thus stated, although accurate at the time they were published, 
are somewhat in excess of the cost at the present day. 

''The following table is a comparison of the results obtained 
in naturally ventilated with those obtained in mechanically ven- 
tilated schools (taken as a unity), and shows that the latter is 
more effective ** : — 



Excess over Outside 
Air. 


DUNDBB SOHOOLS. 

(Carnelly, Haldme, and 
Anderson.) 


Abbbdebn Schools. 
(Brasier and Thonuson.) 


Mechanically 
VentUatAd. 


Natorally 
Ventilated. 


Meohanieally 
VentUated. 


Naturally 
VenUlated. 


Temperature 

Carbonic Aoid 

Organic Matter 

Micro-organisms 


1 

1 
1 
1 


0-66 
1-7 
70 
9*2 


1 
1 

• • 

1 


0-9 
1-6 

• • 

7-2 



In the report of Mr. Osbom previously quoted, the following 
passage occurs: — ''Bury deserves mention as the first district 
to complete satisfactory arrangements, and Dr. Barr, the 
experienced certifying surgeon, and medical officer to the Bural 
Authority there, in his report last year to the Board drew 
attention to the improved condition of the cotton cloth sheds in 
his district, and from my knowledge of his scientific accuracy 
and his skill in matters of public health, I urged him to carry 
out on a more extended scale a comparative analysis of air. 

This he has done in 12 spinning rooms, 12 cotton cloth sheds, 
12 weaving sheds not under the Act, and twelve elementary 
schoolrooms; and kindly allows me to make ase, in anticipation 
of his report, of the general average of carbon dioxide (C Oa) in 
each class. 

I may premise that in the case of each room he took the 
mean of three careful tests by Pettenkofers's method, and I 
subjoin the table : — 
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m 



Average nnmber of parts of carbon dioxide (C 0,) per 100 

parts of air. 


12 Spinnixig 
Booms. 


12 Cotton Cloth 
8heds. 


12 Dry Weaving 
Sheds. 


12 SohoObroonna. 


•96 


116 


2-34 


2-36 



The normal ratio of G Os to the atmosphere is taken at '4 per 
1000 parts, and the quantity present in any atmosphere is 
generally accepted as a rough index of its quality, to fully test 
which, of course, requires the micro-organisms to be analysed 
by the microscope and gelatine plates. 

From the above table it will be seen that spinning rooms, 
as might be expected from the smaller numbers employed in 
them, have the best air, while the dry sheds and schools show 
worst. It is, of course, never fair to push '< average" to 
extremes, though it is the idol of the statistician, and I therefore 
give the best and worst examples in each class — 





Spinning 
Booms. 


Cotton Cloth 
Sheds. 


Dry Sheds. 


Schoolrooms. 


Best 

Worst 


•65 
1-65 


•64 
208 


1-35 
3-64 


•64 
615 



&om which it will be seen that the worst humidified shed is 
thrice as good as the worst shoolroom, which must be described 
as simply shocking, and a sharp contrast to the advance in 
America in these matters, where, as in Massachussets, 80 cubic 
feet of fresh air per minute is the statutory quantity for each 
child." 

This extract furnishes an answer to those critics who have 
objected to Dr. Carnelley's report as that of an enthusiast with 
a strong bias in one direction. 

In concluding this paper, which has run out to a length much 
greater than expected, although by no means exhaustive, it will 
perhaps be well to draw a few summarised conclusions. 
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1st. — ^Ventilation is most effectively performed by a system of 
mechanical propulsion combined with some means of exhaustion. 

2nd. — Warming ought to be effected, at least partially, before 
the diffusion of the air in the room, and should not be left to be 
performed subsequently. 

8rd. — Humidification is best performed by charging the in- 
coming air with moisture and distributing the mixture. 

The net effect of these three conclusions is, that in any scheme 
for humidifying, it is as easy to provide also for heating and 
ventilation in combination with it as it is to provide it separately. 
The present division of the work into three sections, may, there- 
fore, be looked on as an anachronism, and the employment of 
steam pipes to heat the air are absolutely unnecessary. The 
object aimed at can be more easily attained by heating and 
humidifying the air prior to its discharge into the room, and this 
course has been followed in at least one case with conspicuous 
success. A large sized cardroom has been kept at a uniform 
temperature and in a uniform condition of humidity without 
difficulty by adopting this system, although it has not a single 
steam pipe in it. As a last word, it may be said that the subject 
is of immense importance educationally. The Act referred to 
has rendered work in weaving sheds at once more profitable and 
more healthy, and the experience justifies us in urging upon the 
authorities the necessity for giving the children the same benefit. 
The mens sana is of no use without the corpore sanOy and it is 
for the latter addition to the present programme that a plea is 
entered. 
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DISCUSSION. 



The Pbbsidemt (Mr. T. Daniels) expressed his appreoiation 
of the admirable manner in which the Author had submitted 
the subject before the Association. 

Mr. Hbnby Wbbb said he was glad this important subject had 
been brought before the Association, and the author had very 
carefully and impartially detailed the various points of the 
subject. 

Notwithstanding all the attention supposed to have been paid 
to the question of ventilation, until quite recently it was in its 
infancy, and even now it had not attained anything like maturity. 
He cordially agreed with almost all that was contained in the 
paper, and readily endorsed the conclusions arrived at. There 
were, however, a few minor criticisms which he would venture 
to maker by way of opening the discussion. He agreed with the 
remark that ** 600 cubic feet per person had been found sufficient." 
This quantity was given in evidence before the Oommission by a 
Liancashire man, and experience had proved that, in textile 
manufactures, the estimate was correct. He could not assent 
to the remarks on page 210, as to the ventilation of the card- 
room. The author treated them to a little ancient history and 
then recommended its adoption. Hoods over cards were 
tried long ago and had been discarded. Nor could he see how a 
duct below the machine could be allowed, as the draught 
necessary to draw the dust away would be fatal to the working 
of the machine, it would draw the fibres of the cotton away from 
the cylinder and spoil the <* sliver " as far as he could tell from 
his limited experience. Hence the aides of the carding eugine 
were a perfect fit and in fixing to the floor great care was taken by 
means of beading and cement to keep away all draughts. On 
page 224, referring to humidity, the author says, '* since slightly 
amended.*' Would it not be better to say extended, as it was 
originally from 60^ to 95°. This had been raised to lOO"" and 
extended below 60°, but who spins or weaves below the latter 
figure ? The author stated (page 226) " for spinning rooms, the 
introduction of the air is not so esential.*' This must not be 
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misunderBtood. For good spinning it was essential, as had 
been found by spinners to their cost daring the present year. 
From February to end of May there were dry east winds, and 
from then up to October an exceptionally hot dry summer, and the 
spinners lot in consequence had been anything but a happy one. 

The fact of the matter was, that the prevailing moist air of 
South- West Lancashire made the county the best in the world for 
spinning cotton. Therefore, by artificial humidity, it was essential 
to keep the air always in the state that was best for perfect 
spinning, and soon very few mills would be without that apparatus. 

He thought it was hardly correct to say (page 229) '* as to the 
exact amount of humidity .... nothing definite could 
be said," It would perhaps not be wise for the author to say 
what he knew about that fact or attempt to tabulate. However, 
any manager worth calling such, would soon ascertain, and 
tabulate the temperature and humidity required for American 
or Egyptian cotton, fine or coarse counts, for either spinning or 
weaving. 

As regards the statement that steam pipes were unnecessary, 
(page 288) he might remark that he knew of some places where 
the steam pipes were not used during working hours. 

In reference to ventilation, American practice had been alluded 
to, and undoubtedly they had paid great attention to that subject. 
The conditions, however, between England and America were 
so different that comparisons were useless, as in the latter 
country they had winters intensely cold and summers extremely 
hot. The speaker concluded his remarks by indicating his 
opinion as to the best system of house ventilation. 

Mr. J. D. SuTGLiFFE said the City Analyst (Mr. Estcourt) 
last week tested for him some samples of air from a country 
school, and after finishing them he took a sample from Albert- 
square, and found it contained 4^ parts of GOa in 10,000. 

The Cotton Cloth Factories' Act had been so successful because 
the inspector had not been satisfied with the 600 cubic feet 
specified by the Act, and it would be found that each shed was 
supplied with nearly 2,000 feet per head. Even this was in- 
sufficient for ideal ventilation, the actual quantity per adult 
being 8,760 feet. 
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As to the movement of air and its speed, he might mention 
the £a.ct, that in many Lancashire gassing rooms the air was 
ohanged 60 times per hoar. The gas flame produced by a Bunsen 
Burner was so sensitive that no draught could be tolerated. The 
inlets were so arranged, that practically, the whole body of air 
in the room rose at once to the fans in the roof. The author's 
reference to Peel Mills and card-rooms, had been alluded to by 
Mr. Webb. He thought the latter gentleman was right in his 
condemnation of hoods and tubes over the cards. They had 
been repeatedly tried, but their interference with the light and 
the working of the cards generally, necessitated their abandon- 
ment after a few months* trial. The method recommended of 
carrying the dust downwards was excellent, but it was necessary 
to form suitable channels during the erection of the mill. 

During the summer, he, with the author's brother, inspected 
a mill BO arranged at Freiburg, in the Black Forest, and the 
cardroom was undoubtedly the cleanest he had seen. 

He thought the author was mistaken in advising the inlets 
on one side of the room, and the outlets on the other. The 
Chief of the Massachussetts' Police, who had charge of the 
ventilation of public buildings, sent the speaker particulars 
of some tests made. A room with glass sides was formed, 
and air and smoke mixed were forced into the room at various 
points and exhausted at various other points, the behaviour of 
the smoke being carefully watched. The conclusions come to 
were, that the best distribution of air was obtained when the 
inlets were arranged about 7 feet from the floor on one side 
of the room and the air exhausted at the floor level on the 
same side. 

With regard to the humidifying question, the spray described 
was really a mechanical continuation of a very old plan, when 
men were constantly taking water in their mouths and spraying 
it out into the room. In this practice, according to Mr. Osboru, 
the men became very adept, and could disperse the finest spray. 
The chief fault of all water spray systems (if the inventors 
would admit a fault) was that the water and air had only a 
mechanical admixture, and not a chemical one, so that it' the 
temperature fell suddenly, there was a strong tendency to 
deposit moisture in the immediate vicinity of the humidifiers. 
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The second class described, were admirable for cold weather, 
as warming, ventilating and humidifying could be effected with 
the same apparatus. For warm weather, however, they were 
worse than useless, as they continually increased the 
temperature. 

The excellent selection made from Col. Shaw's report, showed 
that they had an average humidity for the year of over 80 %, 
and as 70% to 75% of moisture was considered a suitable 
spinning and weaving atmosphere, he would like to ask how it 
was that they were so stupid as to exclude this atmosphere 
carefully from our mills ? If fans were arranged to draw the 
outside air into the room through suitable openings, the naturally 
humid outside air would serve a very useful purpose. 

The author thought that the Section 2, Plate 2, was a good 
arrangement for a factory. The speaker, however, hoped that 
none of his audience would be rash enough to follow the plan, 
because he had just, at a heavy cost, had to alter an exactly 
similar arrangement. When one vertical air duct supplied 
several stories, they might be sure that the air would rush to the 
top, and actual practice had proved that instead of the air passing 
out into the rooms on ground and first floor it actually entered 
the duct from the rooms. The force of the air current acted like 
an injector when passing what should be the outlets. The plan 
was also deficient in that it showed no extraction, and he agreed 
with the author when he maintained that no system could be 
satisfactory which did not combine propulsion with exhaust. 

With regard to the question of direct warming by means of a 
furnace, he thought it could not be dismissed with the few 
remarks made by the author. If air was overheated by a furnace, 
or by any other means, it was objectionable, but he claimed that 
if the air were passed quickly through such an air warmer as that 
indicated on Plate 6, and the air was not heated to more than 
140°, there could be no objecbion to it. Again, the cost of pro- 
ducing warm air with such a heater was only one-third the cost of 
producing it by steam or hot water. Further, there was no danger 
from explosion with air warmers and there were no pipes to freeze 
or burst. Directly the fire was lighted, warm air passed into 
the rooms and in one hour from the time the fire was lighted the 
rooms were comfortably warm. With steam, on the contrary, 
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several hours elapse ere the pipes were warm, and ihose of them 
who attended ohurohes knew how cold they were even when 
steam or hot water had been passing through the pipes for days. 
fint the economy of the air warmer was its strongest point, and it 
was only necessary to add that three-fourths of the force generated 
by the burning of fuel in steam apparatus were lost in the form of 
mechanical motion, and did not appear as temperature, whilst 
seven-eighths appeared in the room as temperature in a 
properly constructed air warmer. 

In conclusion, he would like to mention that he offered these 
few criticisms in the most friendly spirit, and that otherwise ho 
felt deeply indebted to the author for his very able paper. 

Mr. Hans RsNoiiD contrasted the indifferent ventilation 
which was present in most English workshops, with the 
excellent manner in which it was applied in American iron 
works and other places, and pointed out the admirable work 
which the Sturtevant Co. were doing in this direction. 

The system of the Sturtevant Go. would be adopted in the 
new Municipal Technical School of Manchester, a decision, he 
said, which had been arrived at after -the most exhaustive 
enquiries throughout England. 

Mr. W. Hanmbb (of the Drosophore Co.) ventured to say that 
there were a great many makers of Humidifiers who would 
readily be able to state the exact amount of humidity that 
would be required in any room to obtain the best results. As 
regards the combination of the three systems, humidifying, 
ventilation and heating, wherever that had been tried in this 
country it had been unsuccessful. The cause of the failure of 
the combined systems was, he imagined, attributable to the fact 
that when adopted in spinning rooms, steam was used and 
consequently a great amount of heat was created. He fully 
believed that it was impossible for the three systems to be 
effectively combined. 

Mr. Jambs Walthbw asked if there were any ready means 
for effectively indicating as to whether a room was efficiently 
ventilated or the reverse. 
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Mr. Nasmith after briefly acknowledging the vote of thanks 
said there was little to reply to in the criticisms made by 
various speakers, and in one or two cases they had answered 
one another. For instance Mr. Webb doubted the success of 
downward extraction for card rooms, but Mr. Sutcliffe had 
given an actual case. It might be taken for granted that 
extraction at the floor level was generally best, but in some 
cases where a great deal of dust or fly was emitted it might be 
better to draw the air up. The chief evil of such a course was 
that the air in or near the floor level was apt to be very foul 
and not hot enough. Still each case required special study, 
and care had been taken not to dogmatise, but rather to suggest. 

With regard to Mr. Sutcliffe's remarks he differed from him 
with respect to his advocacy of furnace-heated iron pipes, and 
saw no reason to alter his opinion, although it was probably 
true that their bad effects were less felt when air was driven 
through the pipes rapidly by a blower or fan. 

So far as humidity was concerned, what was said was that 
** it was impossible to give an approximate rule." To that 
statement he adhered, but wished to say that what was meant 
was, as the context showed, that no rule applicable to all cases 
was forthcoming. While on this point it might be mentioned 
that an injustice had been done to Mr. Pye, who, as the cross 
section of his injecting apparatus given in Plate 9 showed, did 
provide a water jet which could be used if desired. The illus- 
tration (see Plate 9) was very clear and explained itself, so that 
it was not necessary to go into an elaborate explanation. 

In answer to Mr. Walthew he knew of nothing except a 
thermometer, and the sense of oppression, which would indicate 
whether a room was effectively ventilated or not. The remarks 
of Mr. Renold were in his opinion marked by an Anglo-phobic 
spirit, and he had only to say that being conversant with the 
Sturtevant system he had seen instances of ventilation, 
designed by English architects, and carried out by English 
engineers which were as perfect as was possible, and quite 
equal to anything which had been done elsewhere. 

On the motion of the President a cordial vote of thanks was 
passed, by acclamation, to Mr. Nasmith for his paper. 
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On being asked to give a paper before your Association , I con- 
sidered as a chemist that a subject which would be of most 
interest to you is the study of the effects of different chemical 
substances on the material which forms the ground- work of most 
of the structures and appliances which have called into exis- 
tence the Engineer. 

Malleable iron and iron in combination with a small quantity 
of carbon (which you recognise by the name of steel) has the 
most valuable properties of all the metals from its tenacity, 
strength, and easy manipulation, and it is thus the most useful 
for nearly all purposes of construction ; and especially for the 
manufacture of boilers, furnaces, engines, gearing, bridges, etc. 
Like almost everything else in this world, however, which 
possesses such wonderful virtues it is not without its vices, 
and the most important of these is its love for the gaseous 
element oxygen, which occurs in mechanical mixture with 
Nitrogen in the air which we breathe, and in chemical combina- 
tion with Hydrogen in the form of water. 

Iron and steel, in almost all the work with which the engineer 
has to deal, comes in contact with either one or other, but 
generally with both of these all-pervading substances, and per- 
haps the most dangerous position for iron and steel to be placed 
is, on ibe air and water line, when the metal is alternately 
exposed to the one and to the other. 

Iron is hardly ever found in the earth in the pure metallic 
state, and is always obtained for practical purposes in combination 
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with one of the non-metallio elements, and chiefly with oxygen. 
The beautiful hsdmatite or ** Kidney Iron ores '* pieces of which 
are so much prized as Mantel-Shelf ornaments, and the Spanish 
Iron ores, are oxides of Iron. It is still farther combined with 
carbonic acid to form the black-band and clay-band ironstones 
found in such large quantities in Scotland. 

We get metallic iron from the heavens, for it is often found in 
the metallic state in meteors which have fallen on to our earth at 
such comparatively low velocities that they are not shattered into 
powder or fused and volatilised by the intense heat produced 
when a meteor strikes the fringe of our atmosphere at the higher 
velocities. The energy of motion is thus converted into molecular 
energy or heat, by meeting with the enormous resistance which 
even an exceedingly rarefied atmosphere offers to these rapidly 
moving bodies, the velocity of which is as much greater than 
that of a cannon shot, as the latter is greater than the leisurely 
amble of a snail. 

When some meteors, which fall intact, are cut across and 
polished, the small and large grains or granules of metallic iron 
in the stones may be seen bearing as fine a polish as a steel knife, 
this iron, however, is usually mixed with another metal called 
Nickel. 

Metallic iron is always prepared from the Oxide ores; by 
various devices man wrests from it the oxygen which it contains 
in its native condition but the metal never forgets its old friend 
Oxygen and returns to and combines with it whenever it has a 
chance. If you take a piece of polished iron and moisten it with 
ordinary water, you will observe that whilst you look at it the 
bright surface becomes tarnished by combining with the oxygen 
present in the air and in the water, and in forming a fine film 
over its surface of the dull coloured oxide. This being the case it 
is easy to understand that if metallic iron could be obtained in 
an extremely fine state of division, as a powder, the particles of 
which are as fine as the finest flour, and sprinkled in the air, that 
the action of the oxygen on these fine particles would be very 
rapid. Here is a glass tube in which I have some metallic iron in 
such a fine powder ; I break the tube and shake the powdered iron 
into the atmosphere, and there you observe that the affinity of 
the oxygen of the air for the iron is so stro^g that the latter 
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takes fire and falls as a shower of sparks, leaving the red oxide 
where it falls. 

In studying the action of water and air on Iron and Steel we 
must consider many other conditions of both in the way of 
impurities which may materially affect the results. 

If you take a piece of chemically pure iron and place it in 
some chemically pure water it will not become oxidised or 
rusted. When iron combines with oxygen as much energy in 
the form of electricity and heat is liberated as was required to 
be expended in tearing the two apart in the process of smelting. 
For rusting to take place it is necessary to have another sub- 
stance which is electronegative to the iron, to be in contact 
with it, so that the current of electricity liberated by the oxida- 
tion of the iron passes away to the metal, or other material 
which acts as the electronegative element. In this way the 
iron acts as one of the elements of a Voltaic cell. Here I have 
a plate of iron and a plate of copper, joined together over the 
top by a copper wire, the plates standing half immersed in a 
solution of the chlorides of sodium and magnesium (a solution 
made to imitate as nearly as possible sea water). In this couple 
the iron is electropositive to the copper, a current of so-called 
positive electricity flowing from the copper plate through the 
wire to the iron plate, and through the salt solution to the 
copper plate again, and thus the ** circuit" is what is called closed, 
and the iron becomes comparatively rapidly oxidised or rusted. 

On the other hand, if iron be similarly placed in Voltaic 
communication with a plate of metal which is electropositive 
to the iron, the latter then becomes electronegative, and 
remains comparatively unaffected. Here, for instance, is a 
couple composed of a plate of iron jomed to a plate of zinc, by 
a wire sinular to the previous experiment ; in this arrangement 
the zinc becomes oxidised, and the iron remains comparatively 
unacted upon. If you look at the two vessels I show, you 
will notice that the salt water in which the iron plate is 
connected with the copper is quite red with rust, whilst 
if you notice the water in the other, in which the iron is 
connected with the zinc, you will observe that it is comparatively 
free from rust, but it contains a floceulent white precipitate of 
the oxide of zinc, indicating that the latter has oxidised, and at 
the same time almost prevented the iron from oxidising. 
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This system of preserving iron from corrosion in steam boilers 
has been patented by Hannay, who suspends a ball of zinc in 
the water of the boiler and attaches to it wires, the other ends 
of which are fixed in metallic contact with different parts of the 
shell ; by this means, he claims that he not only preserves the 
iron from corrosion, but aids materially in the prevention of 
incrustation, because as the zinc oxidises, hydrogen is evolved 
on the surface of the iron in small quantities, and this aids in 
preventing the sulphate and carbonates of lime and magnesia 
thrown down from the water from adhering to the plates as a 
hard scale. 

In some boilers large pieces of zinc are placed in contact with 
the iron for the same purpose. On the contrary, if pieces of 
copper be left in contact with the iron plates the latter would 
become rapidly oxidised or corroded. If you examine a piece 
of iron which has become corroded by oxidation, you will 
observe that the corrosion has taken place in small holes or 
pits, and this is technically known as ** pitting" ; these 
are produced by some impurity existing in the iron, which 
ultimately forms, under favourable conditions, the centre of the 
pit ; this may be a piece of carbon, a minute portion or speck of 
manganese, or other substance, which is electro-negative to the 
iron, which latter being electro-positive becomes oxidised. It is 
curious that when rust begins to form on iron it usually attacks 
it at certain minute points and extends, like spots of mould, the 
oxide of iron itself acting as an electro-negative element to the 
iron upon which it rests, so that when once a piece of iron has 
become rusty it is very difficult, after cleaning, to prevent it 
from again becoming rusty, unless every particle of rust be 
most carefully removed from it, each particle forming an 
electro-negative element around and under which the electro- 
positive iron begins to oxidise and produce a small hole or pit. 

This leads me on to an important question which has 
presented itself lately to boiler makers, as to whether it is safe 
to rivet steel plates to iron plates in steam boilers or to use 
steel rivets for iron plates or iron rivets for steel plates ; here 
is an instance in point. I show you a portion of an arc of a 
boiler furnace flue made of steel, riveted together by rivets made 
of ordinary Low Moor iron, and you will observe that the steel in. 
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the yiGinity of the riyeta is msied or badly pitted whilst the 
rivets themselves remain intact; such a result leads one to 
ask the question, whether the iron of the rivet acts as an electro- 
negative element to the steel of the boiler plate. I made a 
number of tests to determine how iron stands to steel and how 
different samples of steel stand to each other in this respect, 
which may be accomplished by a very simple appliance. 

A Thomson's tangent galvanometer is taken, which is 
practically a small mirror with three or more magnets, 
attached to the back and suspended by a silk fibre in a small 
tube surrounded by a coil of wire ; a beam of light is thrown on 
to the mirror, which being reflected shows a spot of light upon 
a scale. The mirror is brought to a neutral point and 
steadied by a control magnet fixed some distance off; 
this forms a mo9t delicate test for the faintest current 
of electricity, because such a current tends to turn the 
magnets and consequently the mirror to which they are 
attached at right angles to the current. The slightest 
movement in this direction moves the spot of light through 
several degrees on^ the scale, as may be observed by throwing 
the light reflected by a small hand mirror on to a wall some 
distance off, the faintest movement of the mirror shows a large 
movement of the spot of light on the wall. 

The ends of the coil of wire which surround the mirror 
are attached to brass screws or terminals, to which the wires 
coming from auy elements which it is desired to test may be 
attached. If we take a piece of copper and a piece of zinc, and 
attach one end of a wire to each, the other end being attached 
to one of the terminals, and then immerse them in water, salt 
water or weak acid, a current of electricity is produced which 
flows from the copper through the wire connected with it to one 
of the terminals of the galvanometer ; thence through the coil of 
wire surrounding the magnets and the mirror, and on to the 
terminal on the other side, and from this on to the zinc, and 
from the zinc through the liquid on to the copper, thus closing 
the circuit and the spot of light swings from left to right. 
If, however, the metals be reversed, and the copper attached 
to the wire to which the zinc was attached, and the zinc to the 
one to which the copper was fixed and again immerse both in 
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the liquid, the current is reversed and the spot of light swings 
round from right to left. By this means it is easy to find when 
two substances are attached to these wires and placed in a 
liquid, first, whether any current of electricity is produced at all, 
secondly, in what direction the current is moving, if any exists, 
and thirdly, what strength of current is produced. By observing 
first, whether the spot of light moves at all, secondly, if it 
moves, to which side it swings, and thirdly, how quickly 
and to what distance from the central point the spot goes, 
we can determine which body is electronegative to the other, 
in other words, which is electronegative like the copper and 
is thus not acted upon, and which is electropositive like the 
zinc which is oxidised or dissolved by the fluid. 

I had a small briquette cut from the iron rivet above-mentioned 
and a similar one cut from the steel plate, both of which I 
attached to the wires of the galvanometer, as above described, 
and placed them in a vessel containing some weak sulphuric 
acid. At first the spot of light swung from right to left, showing 
that the steel at first was electronegative to the iron, but in 
a few moments more the spot gradually swung round from left 
to right and remained in that position, indicating that after- 
wards the iron was electronegative to the steel. 

When put into a solution of chloride of ammonium the iron 
was very strongly electropositive at first, afterwards becoming 
weakly electronegative. 

When put into Caustic Potash solution the steel was at first 
strongly electropositive, but the current gradually became weaker 
and weaker, till it practically ceased, no effect whatever being 
produced on the spot of light. 

I obtained three other pieces of steel cut to the same size, 
Y^^ths. of an inch square x xf^hs. of an inch long, through the 
top of each was drilled a hole for the wire, and they were all 
marked in alphabetical order from A to E : 

A. Was the piece above-mentioned, cut from a rivet of Low 
Moor Iron, taken from corroded steel bowling hoop of furnace. 

B. Cut from the steel bowling hoop itself from which A was 
taken. 

C. New steel rivet. 
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D. Steel rivet closed by machine and held in the dies till 
nearly cold. 

E. Piece of mild steel plate (new — ^onworked). 

The following table- shows the behaviour of all these samples 
placed in electrical communication with each other in the three 
fluids mentioned above ; viz., Sulphuric Acid (one part to nine 
of water), Caustic Potash Solution (specific gravity I'Sll), and 
Chloride of Ammonium Solution (specific gravity 1-033). 

The results obtained from the experiments show that the 
three samples of new steel, C, D and E, all react strongly 
amongst themselves, and when in electrical contact with iron. 

In a weak solution of Chloride of Ammonium, which may be 
taken to represent electrically the ordinary concentrated water 
contained in steam boilers, the iron when first introduced in 
Voltaic contact with steel was strongly electropositive, being 
presumably strongly acted upon by the solution, but after a 
few minutes that action ceased, or almost ceased, or became 
reversed, and so far as these tests go it may be taken as a 
whole, that it is quite as safe to bring steel and iron into close 
contact with each other, as two different kinds of steel. 

Some most interesting and exhaustive experiments have been 
made by Mr. Thomas Andrews, F.R. S.Ed. Assoc, M.Inst. C.E., 
on the galvanic action which takes place between iron and steel, 
and between iron of different kinds and steel of different kinds, 
one entitled ** On Galvanic Action between Wrought Iron, Cast 
Metals, and various Steels during long exposure in sea water," 
read before the Institute of Civil Engineers, vol. Ixxvii., session 
1883-84, part iii. ; the second on ** Corrosion of Metals during 
long exposure in sea water," read before the Institute of Civil 
Engineers, vol. Ixxxii., session 1884-85, part iv. ; and the third 
on **The relative Electro-Chemical positions of Wrougt Iron, 
Steel, Cast Metal, etc., in sea water and other solutions," read 
before the Koyal Society of Edinburgh, are well worthy of 
perusal. 

Mr. Andrews shows that whilst some varieties of iron and steel 
remain constantly electro-positive or electro-negative to each 
other, others change, taking opposite positions towards each 
other, whilst others again change positions constantly during 
long periods. 
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Another paper by Mr. David Phillips, read before the lostitnte 
of Marine Enginees, May 18th, 1890, is also well worthy of 
perasal, in which he shows that steel corrodes much more easily 
than iron. 

One can easily understand that whilst there is no material 
Voltaic action between two pieces of steel or of two pieces of iron, 
or of pieces of iron and steel, there may be conditions on the sor- 
fJELce of one plate or rivet which may act strongly as an electro- 
negative element, and produce rusting on the metal in contact 
with it. Here for instance is an example : If you take a piece of 
iron and put it in weak Nitric Acid it begins to dissolve ; if you 
take a similar piece of iron and place it in strong Nitric Acid, 
touching it at the same time with a piece of platinum wire, and 
then put it into weak Nitric Acid, it will not dissolve, it having 
been rendered passive ; and similarly there is reason why one 
piece of the iron may act electronegatively towards another piece 
of the same metal, on account of some slight alteration of its 
physical properties, by hammering, or by its having attached to 
it some peculiar oxide of iron (for there is a large number of 
different kinds of iron oxide), which may act electronegatively 
towards metal with which it is in contact, and which may thus 
induce oxidation in such metal. 

When iron is placed in acid some of it is dissolved and 
Hydrogen liberated ; this gas is supposed to be of the nature of 
a metal, and as such it combines with and forms an alloy with 
the iron which becomes quite brittle till the iron is heated and 
the hydrogen liberated when it regains its tenacity. If a piece 
of wire be broken when it has thus become alloyed with 
hydrogen and the end wetted bubbles of gas may be seen 
passing rapidly through the drop of water. This condition of 
things was observed and investigated by Mr. W. Johnson, B.Sc, 
of Manchester, and afterwards by Professor Osborne Reynolds, 
F.B.S. The latter showed that if an iron tube be closed at one 
end and filled with oil and placed in an acid solution, 
hydrogen is liberated from the outside which passes through 
the wall of the tube, displacing the oil so that the gas might 
thus easily be collected from the inside of the tube. There is 
a possibility therefore, that where iron is rusting, that the 
hydrogen liberated may similarly combine with the iron and 
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render it brittle, or reduce its strength, and this is a question 
of much importance to Engineers. 

Salt water has a much greater action on iron than fresh, and 
consequently marine boilers have a shorter lifetime than those 
on land. Salt water however has a still greater action on iron 
where the water is mixed with air, and still more so when it is 
mixed with air and carbonic acid, which always occurs in greater 
or less quantity in the atmosphere. 

My late partner. Dr. Frederick Grace- Calvert, F.E.S., pointed 
out many years ago that when bright iron was placed in an 
atmosphere of dry oxygen or of dry carbonic acid it did. not 
rust, when put into a damp atmosphere of oxygen it rusted 
shghtly ; in a damp atmosphere of carbonic acid a small 
quantity of the white carbonate of iron was formed on 
the surface of the bright metal, but no rusting took place; 
when however bright iron was placed in a damp mixture of 
the two gases (oxygen and carbonic acid), it became rapidly 
oxidised, forming a copious excrescence of red oxide, or rust 
all over it. 

These experiments led him to make others in an opposite 
direction, with a view of preventing rusting. He placed bright 
iron in a solution of Caustic Soda, which would combine with 
Carbonic acid, and found it to remain bright, and he then 
ascertained that a solution of ordinary Carbonate of Soda 
(washing soda) had the same effect. This simple method may 
be used for preserving steel needles or instruments from rusting 
where they are liable to be exposed to a damp atmosphere, 
I had in my possession till quite recently pieces of bright 
polished iron from these experiments, which were made over 
a quarter of a century ago, showing the iron in a perfectly 
bright and untarnished condition immersed in the liquid. 

It will thus be seen that Carbonate of Soda which is often 
used to prevent the formation of hard incrustation in boilers 
also acts in preventing the oxidation which is liable to 
take place, especially when the boiler is fed directly 
by an injector, the air which is dissolved in the cold water 
acting especially rapidly on the plate against which it is thrown. 

The iron of boilers is often corroded and extensive ** pitting" 
produced by free Sulphuric Acid which is contained in some waters, 
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often from supplies pnmped from coal mines which contain iron 
pyrites ("Sulphide of Iron). The Sulphur in presence of water 
and air is converted into Sulphuric Acid, part of which remains 
free, and part combines with the iron of the pyrites, forming 
Sulphate of Iron. 

Free Hydrochloric or free Sulphuric Acids are occasionlly 
found in other sources of water supply such as in canals, and it 
is very important that the water in boilers should contain no 
trace of free acid, otherwise it soon finis specks of imparities, 
such as carbon or Manganese in the iron or steel plates, which 
act the part of the electronegative element, and round which 
the iron is rapidly attacked and dissolved, ** pittinj " being 
thus produced. 

The presence of free acid in the concentrated water is easily 
detected by putting a drop of it on to a piece of blue litmus 
paper, when the colour of the litmus becomes altered to red, but 
as a rule this is not a sufficiently delicate test to apply to the 
original water, which must be concentrated to possibly a one 
hundredth part of its volume in a glass vessel before the free 
acid can be thus detected. 

A very good plan which has already been applieJ to shew 
when the waters in boilers contain free acid is to take an ounce 
of a substance called Phenol-phthalein, dissolve it in the 
smallest quantity of Methylated Spirit (say half a pint), and 
then pour it into the boiler, or allow it to be sucked up by the 
injector. So long as the water is safe it will possess a light blood 
red colour as shown in the water gauge, and when this 
disappears a solution of Soda Ash should be passed into it 
till the blood red colour is restored. Thus the fiieman 
in charge of the boiler is enabled to see, at a glance, whether 
the water contains any trace of free acid at any time, or in 
other words, to see when Soda Ash which has been added 
becomes entirely decomposed, by either the free Acid or the 
Salts contained in the water. 

Caustic Soda and Soda Ash containing Sulphide of Sodium 
are sometimes employed for the prevention of incrustation and 
for neutralizing any free acid which might be present. This 
impurity should be avoided and this is best done by employing 
only the Soda Ash made by the Ammonia process, such as that 
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supplied by Messrs. Brunner, Mond & Co., or Messrs. Bowman, 
Thompson & Co. 

Waters employed for steam raising purposes sometimes contain 
Nitrates and Nitrites in large quantities, and these even in 
presence of Carbonate of Soda, are liable to attack the iron or 
steel of the boilers and produce pitting. If sufficient hard scale 
forms on the surface of the plates, that will, of course, preserve 
the iron from corrosion, but it must be remembered that a very 
small amount ot hard scale on the boiler plates occasions the loss 
of a very large percentage of the heat from the burniug coal, and 
it must therefore be the constant aim of every engineer to have 
the plates of his boiler as free as possible from it. 

To counteract this evil, some pieces of zinc may be placed in the 
boiler ; these decompose the Nitrates and Nitrites combining with 
the oxygen and forming oxide of zinc and converting the nitro- 
gen into ammonia. The presence of the mixture of 1 part by 
weight of Bisulphite of Soda to 2 parts of Soda Ash, also aids in 
preventmg the action of these compounds on the iron, and the 
presence of Tannate of Soda also tends to prevent this action. 

Mr. Lavington E. Fletcher of the Steam Users* Association of 
Manchester, called my attention to a very curious injury to some 
steel boilers, but as he will, I understand, publish the details of 
this remarkable damage, I will simply deal with it from a 
chemical point of view. Several steel boilers had been employed 
for the concentration of solutions of Caustic Soda from 5 
per cent, to 12 per cent., and after working for about two 
years the plates became cracked along the line of the rivets 
in all four boilers. Mr. Fletcher suggested that he thought this 
might be due to occluded hydrogen in the iron ; for my part, I 
could not see how hydrogen could be produced from Caustic- 
Soda and Iron, but determined to make some experiments to find 
whether Caustic- Soda had any effect at all on iron. Mr. John 
Thewlis Johnson, of Messrs. Richard Johnson & Nephew, was 
kind enough to give me some puddled' iron and also steel wire, 
which I divided into pieces of 18 inches in length. 

A. 4 pieces of puddled iron and 4 pieces of steel wire were 
put into a 5 per cent, solution of Caustic Soda in an iron tube 
and closed by a screw top. 
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B. 4 pieces of each wire were similarly placed in a 12 per 
cent, solution of Caustic Soda. 

0. 2 pieces of each wire were placed in water in an iron tube 
similarly arranged. 

These pieces were put into these solutions on the 28th of 
February last and taken out on the 11th of September last, having 
thus been in the solutions for about 6i months (195 days) during 
this time they were heated to the boiling point of water during a 
total number of 84 days night and day. 

A corresponding series of experiments was made by leaving 2 
pieces of wire in water and 4 pieces in 5 % and 12 % Oaustic Soda 
solutions respectively in the cold, during the same time: after 
this the breaking strains of two of the pieces in each of the 
Caustic Soda experiments and one in each of the water experi- 
ments were determined, and the number of twists required to 
break the others were determined by Mr. John Thewlis Johnson in 
each experiment, the breaking strain and twists required by the 
original wire being also taken on the 28th of February. The 
table on following page shows the results of these tests. 

These experiments do not give very satisfactory results, but 
such as they are, they rather indicate that Caustic Soda has little 
effect on the breaking strain of steel wire in the cold and a little 
effect when heated, whilst cold water has little effect and hot 
water a very considerable effect in lowering the breaking strain. 

On the puddled iron wire the cold Caustic Soda solutions had 
a considerable effect in increasing the breaking strain. Hot 
caustic solution no effect at all. The power of withstanding 
twisting without breaking, wad much reduced in all the Caustic 
Soda solutions. 

These results do not prove by any means conclusively that the 
damage to the boilers above-mentioned by Caustic Soda Solution 
was a chemical action at all. I trust when Mr. Fletcher 
publishes his results be will be able to point out the cause, which 
is probably a mechanical one, possibly by the mechanical action 
of the soda in getting between the riveted portions of the plates by 
capillary attraction, and there drying or crystallizing and ex- 
panding, although it is difiGicult to see how this could account for it. 

The ordinary red rust which occurs on iron has the ch^nical 
composition of Fe, 0„ that is, two atoms of iron united with 
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three of oxygen. The oxide of iron found adhering to the 
plates of boilers under water is usually black, and contains less 
oxygen, viz., Fe, O4, in which three atoms of iron are united 
with four of oxygen. This black or magnetic oxide of iron is 
also produced on iron when it is placed underground in contact 
with wet cinders or sand. When this compound is once formed 
it cannot easily be converted into the red oxide by the action of 
water and air, and Professor Barff took advantage of this in 
coating iron with a thin layer of black oxide, which protected the 
iron from further oxidation, this being accomplished by putting 
the iron to be coated into a retort or chamber heated to redness 
and then passing steam over it ; the red-hot iron decomposes 
the steam, uniting with its oxygen and forming a coating of the 
magnetic oxide Fe, O4 over it, and liberating hydrogen. This 
process has however not been a great success, because if the 
blEbck oxide got chipped off, the iron rusted in the ordinary 
way, producing red oxide very rapidly, as the coating of black 
oxide then acted as the electronegative element to the metallic 
iron, converting the exposed parts rapidly into the red oxide. 

I now come to the second part of my subject, viz., the effects 
of different paints and varnishes in preserving iron from rusting. 
The great danger to iron work exposed to the air and moisture 
is the production of rust, which is composed chiefly of the red 
oxide, combined with a small quantity of the black oxide. Iron 
structures must therefore be preserved by coating them with 
paint, or some varnish which prevents the oxygen, and carbonic 
acid, and moisture of the air from coming in contact with it. 
Much discussion has taken place as to the best varnish or paint 
for doing this, and I propose to give the results of some experi- 
ments which I have recently carried out in connection with the 
rusting of iron, under the action of salt water and air, which 
affects iron more rapidly than ordinary water. 

I tested in this way the influence of white lead, zinc-white 
and iron oxide paints, and of varnishes composed of bitumen 
alone, and mixed with lime, coal tar, and other substances. 
After many trials I found the best way of testing the effects of 
these preservative varnishes was to weigh the slips of iron or 
steel, IJin. x 4in. x ^V^u., then coat with the varnish and 
weigh again before and after drying, this gave the quantity of 
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the wet and dry paint respectively per square yard of surface 
covered. When dry, each slip of iron was placed in a glass 
beaker, half filled with a clear solution of a mixture of the 
chlorides of Sodium and Magnesium, of about the same strength 
as sea water, this solution rapidly oxidises iron placed in it. 
The variously coated slips of iron above mentioned were placed 
in these solutions and left for some days, the liquid being 
examined each day. I found that after a few days the liquid in 
which the strips coated with the paints and varnishes above 
mentioned were placed became turbid, and after some days more 
precipitates of the red oxide of iron or rust gradually settled to 
the bottoms of the glass vessels. There was however one paint 
which did not render, the water in the slightest degree turbid, 
even after all the other paints had thrown down a copious 
deposit of rust, and that was red lead. This was a remarkable 
result, because red lead is a highly oxidising body, and one 
would expect that instead of preserving iron it would lead to 
its more rapid oxidation. 

I was working at these experiments with Mr. Harry 
Smith, F.I.G., and it occurred to one of us that the reason 
for this oxidising agent preserving iron so well was that the 
oxidation of some of the protoxide of iron which was first formed 
on the surface of the metal, which is soluble in water, was 
further oxidised by the oxygen in the red lead and converted 
into the black oxide of Iron. In other words, that the effect of 
the red lead on iron was to produce a skin of the unoxidisable 
and protective black or magnetic oxide on the iron itself 
under the paint, or that painting the iron with powerful 
oxidising agents produced the same substance as that which 
was formed by Professor BarfTs process. 

It was but another step to look round for some other 
chemical substance which possessed powerful oxidising action to 
find whether that would also act in a similar, or if possible, more 
efficient manner, than red lead; amongst the highly oxidising 
agents we tried we found one from which we formed 
ft paint which does not become solid like red lead on 
standing for some time. It makes a paint of a good body 
and produces a protective coating apparently superior to red 
lead; the salt wat-er in which the iron so painted was placed, 
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remaiued quite clear after all the ordinary paints had produced 
copious red deposits of red oxide in the solutions. To still 
further follow up this theory, we removed carefully the coating 
of paint from the strip of iron and replaced it in the salt water, 
and to our astonishment we found that the iron did not rust to 
any appreciable extent afterwards. We have extended these 
experiments to other oxidising agents, and we iind that a number 
of these bodies produce a protective coating of the black oxide 
of iron on the surface of the metal. I may mention that as this 
discovery appears to be of so much industrial importance, I 
suggested to Mr. Smith that he should patent the use of these 
chemical substances for the prevention of oxidation, and this 
he has done. 

Some time ago I made a large number of experiments, for a 
Company, to determine which paint was most suitable for pro- 
tecting a large iron structure from the action of the sea water 
spray, and rain. Having arrived at the conclusion that red lead 
was the best, the directors being practical and business men, asked 
an eminent engineer what he had used for painting a large iron 
structure which he had just completed. He told them he had used 
oxide of iron paint, and these practical men decided that they 
would use the same, although my experiments showed that the 
iron rusted comparatively rapidly under the oxide of iron paint 
producing hydrogen which caused the paint to blister. 

I find ou speaking to architects here that it is their custom to 
order iron work to be painted with red lead paint. I understand 
that the Dutch Eailway Company and the Cincinnati Southern 
Railway Company use only red lead for the protection of their 
iron work, and from the experiments which I show you here 
to-])ight you see that they have acted on sound scientific 
principles. 
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DISCUSSION. 



Mr. Thomas Settle remarked that a friend of his had 
practically tested the Barff process of protecting iron, and 
reported that it was a complete failure. He recalled to mind 
sometime ago seeing a gentleman use small pieces of cast steel 
in which small holes had to be drilled. To soften the steel he 
had a piece of iron tube which was filled with cast-iron borings. 
The steel was then put in and the whole heated in the fire with 
the result that the steel became exceedingly soft. Gould the 
Author explain the reason for the process ? 

Mr. Alfred Saxon, in a few words, alluded to the great work 
which the chemist had done and was doing for the iron in- 
dustries, and pointed out the advantage of a knowledge of 
chemistry to the engineer. 

Mr. Alex. Gem said he had frequently seen pitting underneath 
the scale in the boiler, its presence being shown by a speck of 
rust in the scale. On taking the scale off serious pitting was 
found. This was hardly in accordance with the Author's 
remarks on pitting. 

Mr. J. Corbett asked if the Author could tell them when 
with the aid of sewage works and filter beds they succeeded in 
transforming the raw organic matters now in the sewage into 
the nitrites and nitrates and producing a pure water, would the 
Irwell be better or worse as a feed water for boilers ? 

Mr. Thomas Settle observed that a locomotive going over 
a girder bridge would probably drop cinders, and would these 
cinders cause pitting of the plates, and if so, why? 

Mr. W. H. Beastow said that he had taken a great many 
small pieces of wire, say about ^in. long and case-hardened, and 
then rattled them in a wooden box. They did not come together 
till completely brightened, and then they became one mass of 
wire. Was this electro-positive? 

Mr. Cabteb Beeley said it was well known that if magnesia 
was present in the water and any soapy oils got in, the mixture 
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of the two formed a floury dust, which proved in practice more 
dangerous in tending to overheating of the plates than very 
thick ordinary scale. He should like to know if the Author 
could state what was the particular substance thus formed 
which became so great a nonconductor of heat. 

Mr. James Fletcher said he knew of two boilers, one working 
at 40 lbs. pressure and the other at between 180 lbs. and 280 lbs. 
In the first there had been an accumulation of scale for fifteen 
years, but no pitting ; but in the high pressure boiler, fed by 
the same water, the pitting in twelve months was simply 
astonishing. In view of these facts, he wondered if high 
pressure had any effect in causing pitting. 

Mr. Thomas Ashbuby said he remembered recently paying a 
visit to a bridge built on the box girder system and which was 
condemned. When the manhole was taken away and the girder 
examined inside it was found to be so corroded that he could 
push the point of his umbrella through the plates. 

There was no doubt that the application of boiled oil to iron 
before painting and the latter done afterwards, was very effective 
in preventing corrosion. And few of them were unaware of the 
fact that painting again and again had failed to prevent 
corrosion taking place underneath it. 

He should like to know if the exclusion or attempted exclusion 
of the atmosphere had anything to do with the increase of 
rust ? Probably if the paint described by the author could be 
applied before the material had time to oxidise, it might tend to 
minimise the evils resulting from rust. 

The deterioration of boiler plates was an important subject, 
and the light thrown on it by the author would be of great value. 

He had great pleasure in moving that the best thanks of the 
members be accorded to Mr. Thomson for his interesting 
address. 

Mr. T. Settle seconded the motion, which was carried with 
acclamation. 

The Chairman (Mr. John West, past-President) referred to the 
importance of chemistry and engineering, and cited the case of 
the defects in a steam boiler, the cause of which he had only 
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been able to find ont, on submitting tbe water to the examina- 
tion and analysis of Sir H. BoBCoe. As regards the corrosion 
of iron he fully supported the statement made in the paper that 
red lead was the best paint for preventing it. 

Mr. S. BoswELL, who was prevented by indisposition from 
attending, subsequently wrote regretting his enforced absence, 
as the paper had special interest for him; and bristled with 
questions which were very debatable^ and in which Mr. Thom- 
son's opinions would have been very valuable. Such gentlemen 
as Mr. Thomson in their scientific researches had done much 
to assist engineers, but the theory of electric and magnetic 
influences might, he felt sure, be cast aside. To say electric 
currents did not exist and had not an influence would be idle 
talk ; they were present, and were influential, but in his opinion 
they were so slight, that it was only by the aid of the most 
delicate instruments that their presence was discovered, and 
often of a contrary character to that expected. He had been 
closely associated with the steam boiler business for over twenty 
years and had investigated thousands of teases of internal 
corrosion, and he had come to the conclusion that electric and 
magnetic influence played no material part in the general wear 
and tear of a boiler. During the same period he had carefully 
noted the action of various ** Electrogens," but did not know of 
a single case where permanent benefit had been derived and the 
device kept in use. The great trouble in a steam boiler was the 
corrosion due to impurities, acids, free oxygen, &c., often found 
in the feed water originally, but very frequently introduced 
ignorantly by the user. Befuse from engine cylinder, steaming 
coils, excessive quantity of air drawn in by injector all tended 
to give a corrosive agent. Many engineers using tallow would 
insist on its being white, forgetting that to make it white a 
strong acid had to be used, which in turn would be carried to 
his boiler to carry out its mission of destruction. 

Corrosion was very eratic and capricious, frequently following 
contrary laws, sometimes only seen on the hottest plates such 
as furnace sides, while in others it was only seen on the quiet 
and cold parts, and in very many cases litmus papers were use- 
less in trying to detect acidity which was well known to exist. 
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He would have liked Mr. Thomson's opinion on the conden- 
sation of sulphurous fames and vapour from the burning fuel 
when they were reduced in temperature, as he had had some 
serious cases with low pressure and hotwater circulators. 

With regard to the peculiar defects mentioned to Mr. Thom- 
son by Mr. Fletcher, Mr. Boswell had a very special knowledge 
of the case, having watched it carefully for months. There 
were nine boilers in all working at 80 lbs. pressure with liqour 
introduced at 6 per cent., but at what it was drawn off 
appeared (to Mr. Boswell at least) uncertain, often under 10 
per cent. Gould the defects be due to bad material ? No, some 
of the boilers had worked years without trouble, others were 
near new. Could it be due to the first nip in bending plates ? 
No I fractures were found in ring seams where there had been 
no '^ first nip." Other chemists had used boilers on similar 
lines, but at very low pressures, experiencing leakage only, but 
as these boilers were laid off one by one rivet heads would drop 
off by the dozen, and rips were found near the seams; but here 
came the difficulty, while the rips were at the seams, not one 
ran from hole to hole, which certainly would have been the case 
if due to a mechanical action. The fracture took an irregular line, 
passing within ^ in. of rivet holes, but yet never through them. A 
tensil strain would have ripped the seam through the rivet holes 
where the least sectional area was to be found, but in this case 
the arear of the fracture was greater than a straight line through 
the rolled plate. Large quantities of caustic were always fouud 
in flue, and Mr. Boswell had cluog tenaciously to a theory of 
crystalization between the plates when cooling down, but even 
this had to be discarded when similar rips were discovered at the 
boiler crowns above water line. The sketch (Plate 1) would 
show the peculiar fractures alluded to. In his opinion it was a 
mechanical action chemically influenced. 

After very extensive repairs boilers were put to work in the 
liquor process as before but only at 5 lbs. pressure, where 
seemed to come in the whole secret, namely temperature and 
pressure. 

In reply, Mr. Thomson said with regard to Mr. Settle's 
suggestions there was no doubt that if the magnetic oxide of 
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iron, which constituted the Barff coating, became chipped or 
rubbed off, the iron underneath would rust and corrode, and 
would do so probably quicker than if the iron had not been 
treated. He could not understand how the heating with oast 
iron borings should have the effect of softening hard steel. If 
it had been heated to redness with powdered oxide of iron, or 
HsBmatite iron ore, that would certainly have the effect of 
removing most of the carbon from the steel, and rendering it 
'* soft." 

In reply to Mr. Gem, Mr. Thomson understood that as a rule, 
even with bad waters, the iron became protected when a scale 
formed on the surface of the iron plates. It was possible, 
however, to imagine that if corrosion had taken place previous 
to the formation of the scale, that it might continue after the 
scale was deposited upon it. 

In reply to Mr. J. Corbett, there could be no doubt that if 
the nitrogenous organic matter of the sewage were transformed 
into Nitrates and Nitrites, the value of the water for steam 
producing purposes would be much deteriorated. Sewage in the 
water was an advantage, because it absorbs most of the free 
oxygen which was likely to be present, besides aiding in pre- 
venting the formation of a hard scale or incrustation, but the 
presence of Nitrates and Nitrites will also tend to produce 
corrosion and pitting of the boilers, even in the presence of 
soda ash. 

With regard to Mr. Settle's second question he considered 
that if half burned coal or cinders were allowed to fall upon the 
iron of a girder bridge they would be liable to produce corrosion 
of the iron, by reason, first, of the fact that they would retain 
rain water in contact with the iron for a long time, which other- 
wise would flow away and become evaporated, and second, that 
such cinders would form a good electronegative element, which 
would tend to increase oxidation and corrosion of the iron on 
which it remained in contact. 

He could not quite understand Mr. Beastow's question ; if 
the steel he mentioned were specially hard it would be liable to 
become magnetised by the magnetism of the earth, and by 
rubbing against each other ; this magnetism might possibly be 
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increased to such an extent that the pieces might remain 
adhering to each other. He could not give any other explanation 
of the phenomenon which Mr. Beastow had ohserved. 

Mr. Beeley referred to the presence of magnesia in the water 
as tending to produce overheating of the plates. It was true 
that magnesia was precipitated from solutions in the form of 
Carbonate, but to a still larger extent as the oxide or magnesia. 
This being light remained in suspension in the water to a large 
extent when the boilers worked vigorously, and tended to 
settle down on the flues and form a dense coating afterwards, 
which prevented the free contact of the water with the plates, 
and to this cause many cases of overheating of the flues was 
attributed.* The presence also of a little oily or greasy matters 
in presence of the magnesia bad a still more pernicious effect in 
this dirtMstion. The lime salts were not so apt to produce over- 
heating, as they were much heavier and did not remain easily 
in suspension in the water. 

With regard to Mr. James Fletcher's question, Mr. Thomson 
did not think that the difference of pressure had anything to do 
with the corrosion of the boilers. He assumed that the boilers 
in which the higher pressure of 180 to 2d01bs. was employed 
were locomotive boilers, which would probably be fitted with 
copper or brass tubes, and he thought it was more likely that 
these fittings acted as electronegative elements, making the 
iron of the boiler electropositive. It is probable that certain 
waters which under different conditions would be harmless, 
would under this special condition be injurious to the iron. He 
might point out that Mr. Fletcher mentions that the lower 
pressure boilers were covered with scale, whilst it would be more 
difficult for scale to form on the tubes in th» high pressure 
locomotive boilers. 

Mr. Thomas Ashbury mentions the cause of damage to a 
bridge built on the box girder system ; in such a bridge there 
could be no doubt that if it prevented the plates from becoming 
wet the system would be a distinct advantage in the way of 
preventing corrosion, but if, on the other hand, any leakage of 
water took place into the confined or closed space, such water 
would have a more detrimental effect upon the iron than if the 
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whole were left exposed to the air, under which condition it 
would be likely to dry up, and produce comparatively little 
injury. 

As to the application of boiled oil to iron, he might say that 
any such coating would have considerable influence in pre- 
venting oxidation or corrosion, but he had found by experiment 
that a coating of boiled oil on iron would not prevent rusting 
where dampness, or moisture, or water came in contact with it. 
Generally speaking, paint of any kind had a distinct advantage 
over boiled oil, by reason of the thicker coating of material which 
thus could be put upon it. He had observed that after corrosion 
had commenced on iron it was next to impossible to stop it by 
merely painting over the corroded parts with ordmary paint. 
He considered that under these conditions it was better to 
remove the rust, and possibly the rubbing of the iron with a 
little powdered zinc might aid considerably in preventing further 
corrosion. 

He was glad to see the remarks by Mr. S. Boswell, especially 
in reference to the peculiar case to which he had called atten- 
tion, and which had been investigated by Mr. Lavington E. 
Fletcher. Mr. Boswell* s opinion was that the peculiar effect 
due to the boiling of caustic soda solutions was due to the 
pressure under which it was boiled, and he put this down to 
** Mechanical action chemically influenced." The speaker had 
made a number of experiments to find whether caustic soda did 
actually affect iron, but with a negative result, and he could not 
see any other explanation of the matter than that it was due to 
some mechanical action possibly produced by the crystallizing 
of some of the salts between the plates and along the line of 
junction. It «Ud not follow that because the same action took 
place in the steam space that this argued against the theory he 
had suggested, because it was possible that the liquor might 
boil against the iron or steel which formed the steam space, and 
that the crystallising might possibly go on to a greater extent 
than it would do even in the parts touched by the liquid. 

It was true that the greater amount of corrosion was produced 
by some impurities, such as acids, or free oxygen, or nitrates in 
the water of the steam boilers, and no corrosion would take 
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place without a liberation of a corresponding quantity of elec- 
tricity, and if no galvanic action were possible no corrosion 
could result. Some irons and steels were more liable to corrode 
than others when placed under similar conditions, by reason of 
impurities contained in them, which act the parts of the electro- 
negative element, and it was quite clear that boilers containing 
much brass or copper work would be affected to a much greater 
extent by a bad water than one which was not so fitted. The 
purer the iron, one might take it, the less likely it will be to 
corrode or oxidise, and steel which contains as part of its compo- 
sition a certain percentage of carbon is more likely to become 
corroded or pitted than pure malleable iron. There can be no 
doubt that zinc properly applied had considerable effect in 
retarding the destruction of boiler plates. The speaker con- 
sidered it probable that it was not often efficiently employed. 

He agreed with Mr. Boswell that there was no advantage 
from using specially white tallow for lubricating purposes, but 
thought that unless great carelessness were shown in its 
bleaching by acids and chemical agents no corrosive acid should 
be left in the fats ; some of the fat itself however might be 
decomposed, leaving free fatty acids which would be liable to 
attack the iron. 

Sulphurous acid produced in the burning of coal affected 
brass or copper tubes to a serious extent, and they were 
usually destroyed sooner or later by this action, but iron and 
steel were only slightly affected in this way unless there were 
some leakage ; the water in combination with the sulphurous acid 
from the burning coal then rapidly attacked the iron. 
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Mb. frank HAZELTON, 
68, Barrett Street, Old TrafiFord, Manchester. 



Bnnual (Beneral nDeetino 

HBLD AT THX 

GRAND HOTEL, MANCHESTER, 

9th December, 1893, 

Mr. T. DANIELS, M.In8t.Mech.E., President, 

IN THE OHAIB. 



The minutes of the previous meetings having been read and confirmed, 
and signed by the Chairman, he announced to the meeting the result of the 
ballot for the election of new members. 

The election of President and other officers of the Association was next 
taken, with the result as set forth on opposite page. 

Resolved unanimously. — " That the cordial thanks of this meeting be given 
to Mr. T. Daniels, for the interest he has taken in the welfare of 
the Association, and the excellent manner in which he has 
discharged the duties attaching to the office of President daring 
the past year.'* 

Mr. T. Daniels returned thanks. 

Proposed addition to Bules re Pecuniary Benefits, by Mr. T. Ashbury. 

Mr. T. Aflhbury proposed the following resolution, prefacing the same 
with a few facts and figures in support thereof : — 

" That the financial benefits appropriated for the Ordinary Members of 
the Association, as described in and under the existing Bules IS 
and 14, shall henceforth only be paid as, and when they may 
become due and claimed, to all whose names are enrolled on the 
Begister of members as having been duly elected Ordinary Members 
of the Association on or before the dlst day of December, 1893." 

Mr. Alfred Saxon seconded the motion. 

The proposition was exhaustively discussed; strong opinions being 
expressed in favour of and against it by a large number of speakers. 

It being amply demonstrated to the Chairman that there was considerable 
diversity of feeling in regard to the proposal, and in view of the fact that it 
was undesirable that such an important resolution should be passed or 
rejected by a bare majority either way, but rather that the decision should 
be practically unanimous, it was dedded that the resolution should not then 
be voted upon. 

Subsequently the following resolution was proposed, seconded, and 
carried unanimously: — 

'* That the resolution re Pecuniary Benefits on the Agenda, in the name 
of Mr. Thomas Ashbury, be withdrawn, and that it is hereby 
referred to the Council for full consideration." 



Annml Report of Council, 



1898. 



The Council have pleasure in presenting the 88th Annual 
Report of Proceedings. 

To the membership roll during the year have been added — 

13 Honorary Annaal Members. 
5 Ordinary Members. 

Total 18 

and after taking into account the loss by death, resignation 
and erasure, the total number of names of all classes on the 
roll amounts to 860, namely : — 

25 Honorary Life Member b. 
113 Honorary Annaal Membere. 
212 Ordinary Members. 

Upon reference to the Financial Statement as certified by the 
auditors (see appendix), it will be seen that the balance standing 
to the credit of the Association after payment of all accounts 
due up to the 81st December, amounts to £8,824. 5s. 8d., as 
against £8,805. 12s. 8d., at the close of the preceding year, 
thus showing a surplus of £18. 18s. 5d. on the year's working. 

The reason of the diminution in the net increase of the cash 
Balance, in comparison with recent years, is due to the 
abnormal number of payments under Rule 18, also to the loss 
of £70, on account of the final winding up of the Mechanics' 
Building Society. 

Consequent upon the decrease in the number of Superannuants 
the Council are pleased to report that the payments to these 
members will be at the rate pf 7/- per week from the commence- 
ment of the ensuing year. 

It is with profound regret the Council have to record that 
during the year death has removed the following members, 
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brief memoirs of whom are appended on pages 284 to 286. In 
accordance with resolations, letters of condolence and sympathy 
have been forwarded to the widows and families of the deceased 
members : — 



X/BTiB» t». - 

Hanning, J. 


iiLiftuoutwwir. 

Paris. 


McGlement, D. - 


Manohester. 


Pearson, B. 


Stookton-on-Tees. 


Senior, G. - 


Oxford. 


Swallow, J. 


Tiverton, 


WilliRmfi, 0. 


Preston. 



The following gentlemen have resigned their Membership in 
the Association during the past year : — 



Fletcher, L. E. - 


- 


Manohester. 


RalliweU, J. 


- 


Do. 


Strang, J. H. - 


- 


Glasgow. 


The following gentlemen have ceased to be Members of the 


Association during the past year : 






Farrar, J. - 


- 


Barnsley. 


Fletcher, J. 


- 


Swinton. 


Hartley, J. 


- 


Hyde. 


Millff, J. - - - 


- 


Haslingden. 


3chroller, J. 


- 


London. 


Whittam, W. 


- 


Manchester. 


Whittaker, S. W. 


- 


Bochdale. 


Watkinson - 


- 


Heywood. 


The following gentlemen have been added to the Membership 


Roll during the past year: — 






UONOBABT MkMBEBS. 


Arnfield, T. 0. - 


. 


New Mills. 


Dobson, B. A. - 


- 


Bolton. 


Fielden, G. 


- 


Oldham. 


Fletcher, J. A. - 


- 


Ashton-nnder-Lyne. 


Fletcher, S. A. - 


- 


Do. 


Fowler, W. H. - 


- 


Manchester. 


Hodgson, H. E. 


- 


Gleckheaton. 


Hopkinson, E. - 


- 


Timperley. 


Hckworth, C. N. 


- 


Manchester. 


Biley, J. H. - 


- 


Bury. 


Longdin, T. 


- 


Manchester. 


Shonbridge, S. T. 


- 


Salford. 


Walker, E. B. - 


« 


Wigan. 
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Obdinabt Msmbsrs. 

Fox, W. • - - - Manchester. 
Mainwaring, H., Junr. Do. 

Morris, J. - - - Salford. 

Bendell, B. - - - Fairfield. 

Walton, T. . - - Oldham. 



From the following list it will be seen that the papers 
read during the year have been on subjects of considerable 
importance, as may be gathered from the exceptionally large 
attendances of members at these meetings, and the interesting 
discussions which ensued: — 

Papebs Bead and Discussions held dubino the Yeab. 

14th Jan.— Inaugural Address by the President, Mr. Thos. Daniels, 

M.I.Mech.E., on *' Capital and Labour In relation to 
the Engineering Trades." 

28th Jan.— On "The Transmission of Power by Compressed 

Air," by Mr. W. J. Jenkins, As80C.M.I.C.E., Manchester. 

26th Feb.— On "Felt Hat Manufacture and Machinery," by Mr. 

J. Marshall, of Hyde. 

11th Mar.— On "The relations between Employers and Work- 
men in Engineering works," by Mr. C. B. loms, of 
Broadheath. 

25th Mar. —Discussion on do. 

8th April.— On "The best design of Main and other Bearings.' 
A discussion introduced by Mr. A. Saxon, M.I.Mech.E. 

28th Oct.— On "The Chicago Exhibition." Beminiscences of, by 

Mr. F. W. Follows, Mr. S. Boswell, and others. 

11th Nov.— On " Heating. Humidity, and Ventilation," by Mr. 
Joseph Nasmith, of Manchester. 

25th Nov.— On "The Influence of some Chemical agents in 

producing lr\jury to Iron and Steel," by Mr. W. 
Thomson, F.B.S.Ed., F.I.C., of Manchester. 

Dec— On "The Scientific Work of Q. A. Hirn," by Mr. Bryan 
Donkin, M.Inst.C.E., of London. 
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ANNIVERBARY DINNER. 

The Thirty-seventh Anniversary Dinner was held on Saturday 
evening, February 11th, at the Grand Hotel, Aytoun Street. 
Mr. T. Daniels, the President, occupied the chair, and amongst 
the company present were Mr. G. B. Goodfellow (past 
president), Mr. Alderman Bailey, Mr. J. Adamson, Mr. T. 
Ashhury, Mr. Councillor Saxon, Mr. Councillor Frankenburg, 
Dr. E. Hopkinson, Mr. H. Webb, Mr. L. B. Wells, Mr. W. 
Hunt (Lancashire and Yorkshire Railway), Mr. I. Levinstein, 
Mr. S. Y. Shoubridge, Mr. J. Walthew, Mr. B. A. Dobson 
(Bolton), M. J. West, atid Mr. Stewart Garnett. 

After the loyal toasts 

Mr. J. Nasmith proposed " Oar Municipal Corporations." 
He said that corporations, in addition to their ordinary work 
in connection with the good government of the municipality, 
had lately had added to their duties others which generations 
ago were not dreamt of, in the shape of very large powers in the 
direction of technical education ; and the efforts that had been 
made in that direction, alike in Manchester and in some of the 
surrounding towns, had been such as no private individual 
or private body of men could have put forth. When they 
remembered the various criticisms that were continually poured 
upon town councils, it should not be forgotten that a town 
council was, after all, merely the reflex of the people who 
elected it, and that if they found a community which did not 
take an interest in the work of its corporation they might rest 
assured that the municipal work would be badly done, while in 
the opposite case they would get a wise and munificent 
administration. 

Mb. Councillor Saxon, in responding, pointed out that that 
Association and the Manchester Corporation were very closely 
connected in regard to many of the great schemes of good govern- 
ment which corporations had to carry out. That was especially 
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the case with the system of electric lighting which, nnder the 
direction of Dr. Hopkinson, was in preparation. They had the 
Doctor's word for it that the system of electric lighting which 
was to he supplied to Manchester would be ready at the com- 
mencement of the coming winter, and they hoped when it was 
completed Dr. Hopkinson would be able to say that he had 
produced an electric plant second to none in the country. 
There were also the system furnishing hydraulic power, the 
main drainage system, and the disposal of our dry refuse, to 
the success of all of which the work of the engineer was essential. 

Mr. Alderman Bailey, who also responded urged that it was 
incumbent upon engineers no less than upon other producers 
to prevent so large an amount of things being imported into 
this country from Germany, France, or America which we 
could produce ourselves at a good profit. He had been success- 
ful in doing something himself in that direction, and he hoped 
the matter would not be lost sight of by those present. 

Mr. Fbank Hazelton, the secretary, read an abstract of the 
report, which stated that the Council had pleasure in congratu- 
lating the members upon the continued success and progress 
of the Association. 

Mr. B. A. DoBSON proposed ** Prosperity to the Association.'* 
He said with regard to the matter of technical education, it was 
evident, from what he had seen of the probabilities of the extension 
of education amongst workpeople, that master engineers and 
employes in positions over workmen would be forced to extend 
their education very much beyond what it had been up to now. 
Therefore, an Association of that kind must form a nucleus for 
giving to those who attended its meetings and discussions, 
not only knowledge of their own particular branch of business, 
but for teaching them where and how they failed in their 
general knowledge. The usefulness of an association of that 
kind was only limited by the members themselves, and if they 
chose to develop it and to make the best use of it, there could 
be no doubt that there was a very admirable future before it. 
(Hear, hear.) 

The Pbesident, who responded, referred to the many 
advantages offered to members of the engineering profession 
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by the Association, and, in particular, to the good effected by 
its superannuation fund. 

Mr. J. West proposed "The Guests,'* for whom Mr. Stewart 
Gamett, Mr. I. Levenstein, and Mr. S. Y. Shoubridge responded. 

Mr. Levenstein, in the course of his reply, said that in 
chemical engineering there was a vast opportunity for the 
engineers of this country. If it was worth their while to look 
out for new branches of industry he believed chemical engineer- 
ing was one of them. There was one other branch which had 
not been sufficiently recognised and appreciated in this country, 
but in regard to which their Continental rivals were making 
rapid strides— he meant electrolysis. There was no doubt that 
we were passing through a period of trade depression. Bi- 
metallists told us that the fault lay with our monetary system, 
fair traders told us that Free Trade was a delusion, and he heard 
the President of the Manchester Chamber of Commerce 
say, recently, that prosperity would never return until 
Continental nations had disbanded their huge armies. He 
believed, however, that prosperity and supremacy in trade and 
industry would rest with that nation which was able to take 
into the field the largest army of highly trained and educated 
men. — (Applause.) We had in this country splendid material, 
men highly developed in physical sense, and full of energy, 
pluck, perseverance, and endurance. Give them but improved 
technical education, and it would be seen that they would fight 
not only successfully the battle of competition, but would 
further extent the supremacy of the trade and industry of this 
country. — (Applause) 

Mr. T. AsHBURY proposed ** The Engineering Profession,*' 
which was acknowledged by Mr. W. Hunt, Mr. L. B. Wells, 
and Dr. E. Hopkinson. 

The toast of **The Chairman," proposed by Mr. G. B. 
GooDFELLow, haviug been honoured, the company separated. 

A.n enjoyable programme of vocal music was rendered by Mr. 
J. H. Greenwood, Messrs. Blacow, Barrow, and Griffiths. 



n 
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LIBEABY. 

The following books have been purchased for the Library 
daring the past year : — 

Handbook of the Steam Engine. Haeder & Powles. 
Helical Gears. 

Hydraulio Power and Machinery. Robinson. 

Mill Gearing. Box. 



The Aaaociation ExcJuinge Transactions with the following : — 

American Institute of Mining Engineers. 

,, Mechanical Engineers. 

Canadian Society of Civil Engineers. 

Engine, Boiler, and Employers' Liability Insurance Company. 
Franklin Institute, America. 
Institution of Civil Engineers of England. 

,, Engineers and Shipbuilders in Scotland. 

„ Mechanical Engineers. 

,, Civil Engineers of Ireland. 

Iron and Steel Institute. , 

Liverpool Engineering Society. 
Manchester Geological Society. 

„ Literary and Philosophical Society. 
Midland Institute of Mining, Civil, and Mechanical Engineers. 
Mining Association and Institute of Cornwall. 
Mining Institute of Scotland. 
National Boiler Insurance Co. 

North of England Institute of Mining and Mechanical Engineers. 
North-East Coast of Engineers and Shipbuilders. 
Philosophical Society of Glasgow. 
Royal Scottish Society of Arts. 
South Wales Institute of Engineers. 
Society of Engineers. 

The following Publications are received periodically : — 

Colliery Guardian. 
Electrical Review. 
Engineer. 
Engineering. 
Industries and Iron. 
Iron and Steel Trades' Review. 
Marine Engineer. 
Mechanical World. 
Practical Engineer. 
Textile Mercury. 
Recorder. 



>> 
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OPENING OF DISCUSSION SESSION. 

The d8th Discussion Session was opened on Saturday, October 
14tb, by a Social Gathering at the Grand Hotel, Manchester, 
67 members being present, the chair being taken by Mr. 
Thomas Daniels, the president. One feature of the evening 
was an exhibition of models and instruments of ingenious 
mechanism, together with photographs of special engineering 
work. These included a new boiler inspector's test guage, 
a Thompson indicator, with reducing gear and two pistons, a 
tachometer, and a sight-feed lubricator, exhibited by Messrs. 
Schaffer and Budenburg ; a Tabor indicator and Tabor revolution 
counter, with a novel diagram averaging instrument, by the 
Globe Engineering Company ; an excellent model of the Well's 
light ; photographs of modem engines recently built by 
Messrs. Saxon Brothers, Manchester ; and the most recent 
improvements in mechanical gas stoking appliances, by the 
West's Gas Improvement Company, Limited. 

The President, in the course of a short address, said that in 
addition to the interesting programme whicli had been got 
together, of papers for the ensuing session, they had hoped that 
papers would have been read on the Manchester Ship Canal, and 
the Thirlmere Water Scheme, but as these undertakings were 
not yet completed, they were reserved for the next session of 
the Society. The exhibition of models, &c., although not 
perhaps so large as they would have liked to see, was a step in 
the right direction, and he hoped that it would be repeated in 
succeeding years. During the course of his remarks, the 
President referred to the disastrous result of the protracted coal 
stoppage, and expressed the opinion that the coal owners had 
made a mistake not only in at first asking for 25 per cent., but 
also in holding out for a 16 per cent, reduction in wages after the 
mayors at Sheffield had proposed a compromise on the basis of 
10 per cent. With regard to the Syndicate proposed by Sir 
George Elliot, he had not much confidence in the success of 
such arrangements, and if the coal owners and colliers were 
absolutely unable themselves to manage their own business, he 
would rather see the fuel supplies of the country in the hands 
of the Government than in those of a Syndicate. 
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During the evening a programme of vocal and instrumental 
music was contributed by Mr. W. Cooper and friends, and the 
proceedings closed with the usual vote of thanks. 

The review of the past year would be certainly incomplete 
without reference to the exceptional success of the three visits 
made during the year, and of especially conveying to Messrs 
Henry and George Webb the Council's appreciation of the hearty 
and generous manner in which they entertained the Association 
on its visit to Bury. And similarly to Mr. T. Boumphrey, 
General Manager, Cunard Steamship Company, for the excellent 
arrangements made and generosity evinced by him on the 
visit to the ** Campania." 

Finally, the Council have pleasure in expressing their deep 
indebtedness to the authors of papers and to those gentlemen 
who have contributed to the discussions. At the same time 
the Council rely upon the zealous co-operation of every member 
in making this department the leading, as it is without doubt, 
the most important object of the Association. 



OBITUAKY. 



Mr. Joseph Davis, M.I.M.E., was for twenty-one years engaged in the 
service of the Lancashire and Yorkshire Bailway Company. At the age of 
fourteen he was apprenticed to Messrs. Dunn, Hattersley, and Company, 
engineers, of Pendleton, a firm of some repute in those ~day as makers, 
exclusively of railway machinery. The training he received here prepared 
him in a peculiar way for the career he was destined to follow in later years 
as an assistant mechanical railway engineer. With this firm he continued 
until the death of the surviving partner, Mr. Dunn. Subsequently for 
two years he was with the firm of Messrs. Piatt Bros., of Oldham, 
under Mr. Bichardson, and was next employed in the drawing 
office of Messrs. Wren and Hopkinson, engineers and millwrights 
of this city, as their chief draughtsman. Whilst acting in this 
capacity the directors of the Lancashire and Yorkshire Bailway Company 
seeking some less costly way of marshalling their goods trains than the 
man and horse method then employed, instructed Messrs. Wren and 
Hopkinson to supply a plant for working the heavy traffic at the Oldham 
Boad Goods Station by mechanical means, which scheme was prepared and 
oai-ried out under Mr. Davis's direction. Until this time the loaded 
waggons had been drawn about the goods yard by chain-horses, each horse 
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being attended by a driver, and two or three full waggons constituted a load. 
By the new method iron capstans, placed upon the ground at convenient 
distances about the goods yard, were caused to revolve by shafts turning in 
iron troughs below the ground, which in their turn received their motion 
from engines that worked night and day. By hooking a rope to a train of 
waggons and bending it firmly round one of these revolving capstans, one 
man was able to set a long train in motion. The employment of horses 
was thus dispensed with, and the number of men greatly reduced. 

The experiment proving successful, it was decided to extend the principle 
as far as possible, and shortly afterwards Mr. Davis entered the service 
of the railway company in charge of the bridges and machinery department 
under the late Mr. Sturgess Meek, the engineer-in-chief to the company, 
who has since been succeeded by Mr. W. Hunt, O.E. The 
first work under his new appointment was the Goods Station, in Bailey 
Street, Salford, erected on the site of the Old Bailey Prison, From this 
time, under his direction, mechanical power rapidly replaced manual and 
horse labour throughout the goods' yards and warehouses of the company's 
system ; and such was the confidence he had inspired that, in the year 1880, 
he was sent out by the company to the United States to inquire into the 
American system of discharging grain cargoes in bulk. The result of this 
journey was the construction under his direction, about nine years ago, of 
the great grain elevator at Fleetwood, the first erected in this country on the 
American principle, by which ships entering the port can have their cargoes 
of loose grain discharged in a couple of days, either into warehouses or 
weighed and dehvered into carts and waggons, the whole process being done 
by machinery. 

The carriage and waggon works at Newton Heath, with its wonderful arrange- 
ment of machinery, was also carried out under the charge of Mr. Davis, and is 
another of those establishments for the mechanical execution of work which 
has placed the Lancashire and Yorkshire Company in this respect in the 
front rank amongst the railway companies of the county. Whilst engaged 
upon these more complete and self-contained engineering schemes, Mr. 
Davis's attention was constantly occupied with the structural iron work 
required in the ever-extending system of the company, and in the continual 
renewal and maintenance of the bridges and iron station roofs on the old 
lines. By his death the company lose an experienced, conscientious, 
and highly appreciated servant, and his friends a companion whose bright 
spirit and unvarying gentleness and geniality made his acquaintance a 
valued possession to all who knew him. 

He was elected an Ordinary Member of this Association in 1871, and died 
15th November, 1893, in the 54th year of his age. 



James Hanning was elected an Ordinary Member of the Association in 
1856. For a many years past he resided in Paris, but notwithstanding this 
he took considerable interest in the work of the Association. 

He died suddenly, January 28th, aged 63 years. 
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Donald McClbment received his engineering training with Messrs. A. 
Barclay & Son, Engineers, Kilmarnock. Subsequently he was engaged with 
the firms of Atl^y A Maclellan, of Glasgow, J. Musgraye & bons, Limited, 
of Bolton, and finally with the Globe Engineering Company, of Manchester. 

In Mr. McGlement the Association, undoubtedly, has lost one who 
promised to be a very valuable member, as just before his death he had in 
preparation for communicating to the Association an interesting paper on 
High-speed Engines. 

He died suddenly, September 22nd, 1893, in the 26th year of his age. 



BiOHABD Pearson was elected an Ordinary Member of the Association in 
1866, and died 17th May, 1893, at Stockton-on-Tees, in the 67th year 
of his age. 



George Beckett Senior was elected an Ordinary Member of the Association 
in 1883. He received his engineering training as a premium apprentice 
with Messrs. Beyer, Peacock & Co., and subsequently spent some years in 
Canada. At the time of his death he was engaged at the Eagle Iron Works, 
Oxford. 

He died March 16th, 1893, in the 49th year of his age. 



J. Swallow was elected an Ordinary Member of the Association in 1859, 
and at the time of his decease was engaged with Messrs. J. Heathcoat & Co., 
of Tiverton, Devonshire, with which firm he had been since the year 1883. 

He died 13th Febrbary, 1893, aged 72 years. 



Owen Williams was elected an Ordinary Member of the Association 
in 1860. 

He died September 27th, 1893, in the 75th year of his age. 



REPORTS OF EXCURSIONS. 



Visit to Peel Mills, Bdby.— On Thursday afternoon, April 27th, about 
120 members of the Manchester Association of Engineers paid a visit to 
Peel Mills, Bury, for the purpose of inspecting the quadruple expansion 
engines there. The party left Manchester by the 2-20 train, and on 
arriving in Bury were met at the railway station by Messrs. H. and G. 
Webb, Mr. W. Ashworth, and several other directors of the company. 
They at once proceeded to the mill, where Mr. H. Webb extended a hearty 
welcome to all, and apologised for the absence of the Mayor and Town 
Clerk, who would have been present if it' were not for the funeral service of 
the late Lord Derby at the Parish Church. The party then divided into three 
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seotionB, No. 1 being under the leadership of Mr. H. Webb, No. 2 in charge of 
Mr. W. Ashworth, and No. 3 under the oare of Mr. T. Mercer, the manager. 
The first section commenced their peregrinations by visiting the boiler-house, 
which is fitted up with eight boilers, Lancashire type, seven of which were 
in full work. All the boilers are fitted with Vicar's mechanical stokers, 
and the coal is automatically supplied by means of elevators and conveyers. 
The railway trucks containing the coal are run into the private siding close 
to the boiler-house, and beneath the lines of rails a series of large cast-iron 
storage hoppers or bins have been erected. The trucks used have loose 
bottoms, so that immediately they arrive over the hoppers the coal can be 
instantly deposited into the latter through the bottom of each waggon, 
thereby dispensing with the slow and laborious method of unloading by 
hand. The storage hoppers taper towards the bottom and are fitted with 
sliding doors, which permit the requisite amount of coal necessary to fall 
upon the conveyers placed longitudinally under hoppers. These carry the 
coal to the elevators, which, after raising it, deposit the same in special 
conveyers fixed immediately above the hoppers of the mechanical stokers, 
and extending the whole length of the boiler fronts, from whence it is then 
delivered into the various mechanical stokers as required. This arrange- 
ment necessitated only two men being in charge of the whole of the boilers. 
After staying here about ten minutes the party proceeded to the engine 
house attached to No. 1 Mill, which has 79,000 spindles, where there is a 
side-by-side compound engine. The cylinders are 32in. and 56in. diameter ; 
stroke of piston 6ft.; revolutions per minute 50§ ; piston speed 600 feet. The 
air pump, which is situated below the floor line, and is driven by means of 
rods and levers from the low pressure crosshead, is 39in. diameter and 3lin. 
stroke. The rope pulley, weighing 65 tons, is 32ft. diameter, and is grooved 
for 30 ropes If in. diameter. The crank shaft necks are 16in. diameter and 
28in. long, and the crank pins 9in. diameter and llin. long. The high 
pressure cylinder is fitted with Corliss valves, and the trip motion to the 
admission valve is under the control of the govenor which may vary the 
point of cut-off from to | strokes. The low pressure cylinder is fitted with 
slide valves, which are adjusted by hand to vary the point of cut-off. The 
average indicated horse power is 1,145, and the total coal burned per I.H.P. 
per hour, including the heating of the mill, is 2'3561bs. After a lengthy 
stay here the party wended their way to the dynamo-house, both mills being 
lighted throughout by electricity. The power for driving dynamos— two in 
number— is obtained from two vertical engines. There are two distinct 
circuits in each mill run by separate dynamos, and all through the buildings 
lamps are so arranged that every alternate row of lights is supplied by one 
dynamo, so that in the event of the main fuse of any circuit melting, every 
alternative lamp between each pair of mules would be alight, and thus give 
ample light to prevent any accident occurring. It is stated that the 
installation is without doubt one of the most efficient that has been fitted 
in Lancashire. A visit was then paid to the engine-house attached to No. 2 
Mill, which contains 100,000 spindles. This mill is driven by a quadruple 
expansion engine --the " Majestic " — working at 2001bs. pressure, made by 
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Messrs. John Masgrave and Sons, Limited, Bolton. This being the first of 
their kind applied to snoh a pnrpose with high pressure, considerable 
interest was manifested in its constmction by the visitors. The engine is of 
a vertical type, and is provided with Corliss valves throughout. The 
cylinders are ISin., 26in., 37in., and 54in. diameter, with a stroke of piston 
of 4ft. 6in. The engine developes 1.600 h.p. when working with 2001b8. 
pressure. A special feature is the triangular connecting rod, the action of 
which is such that there are no dead centres. The general appearance of 
the engine is very neat and it is remarkably compact. The party afterwards 
went through No. 2 Mill, the various processes of cotton spinning being 
watched with deep interest. The other sections also visited the places 
mentioned above, and various members were conveyed through the mill, 
under the guidance of Mr. Mercer, jun., and Mr. M. Warburton. Ultimately, 
at about quarter past five o'clock, the sections amalgamated at the entrance 
of the mill, where conveyances were awaiting to convey the party to the 
Philips Hall, where an excellent tea had been provided by Messrs. H. and 
G. Webb, the hosts. 

Amongst those present were the Mayor (Alderman Parks), the Town 
Clerk (Mr. J. Haslam), the Borough Surveyor (Mr. J. Carwright), Alderman 
Brierley, Councillors Butcher, J. Hall, and J. AsLworth, and Messrs. G, 
Horridge, Mercer, E. Simpkin, &c., whilst the visitors included Messrs. 
Thomas Daniels (president), manager for Messrs. Naysmith and Co., 
Patricroft; F. Hazleton (secretary), T. Ashbury (Manchester), F. Lane, 
manager Ashbury Carriage Co ; J. West, of Albion Works, Miles Platting ; 
J. Walthew, of Messrs. Galloway and Co's, Manchester ; E. Marshall of 
Bentley and Co.'s, Manchester ; T. Halsall, Locomotive Department, 
Midland Railway, of Derby ; A Saxon (Openshaw), H. Bates (Salford), 
H. Mainwaring (Manchester), G. B. Goodfellow, T. Beeley, and J. 
Adamson, of Hyde. 

After tea. the President (Mr. Daniels), said it went without saying 
that they had enjoyed themselves. It was not often they got such 
a treat as they had had that day. They had had both a mechanical 
treat and a treat of a good tea. He must say when they came 
to look at the mill they had been through, that one said to himself it was 
not a question of winning the race with a horse like that because it would be 
over, but it was the conditions they had to contend with, such as foreign 
competition, They had to contend with lower wages and longer hours, and 
great variation in railway rates. All these things they had to contend with 
in working a mill of this description. When they saw the splendid 
machinery and the splendid system of getting the work done from the raw 
material to the finished goods, they would not be sui*prised they got good 
results in Bury. Speaking of railway enterprise and railway rates, he said 
the railways encouraged people to go to the sea-side, and pleasure trips, and 
everyone except business men — (hear, hear), — and somehow or other they 
did not seem to make any attempts to assist commerce. They knew very 
well it was a penny a mile 40 years ago and it seemed to be a penny a mile 
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now. He thought it wu quite time they had two miles for l^d. (Laughter.) 
Speaking of the mill thej had yisited he said if there was anything whieh 
would make this mill a soooesa it would he because it bore the name of Peel, 
who was one of those men who added to the greatness of Bury. They read 
that in 1770 the inhabitants of Bury used to watch the train of pack horses 
coming over Oockey Moor from Bolton, and the first horse would be 
decorated with bells to indicate its approach. Now in 1870 the inhabitants 
of Bury, instead of seeing the pack horse, saw the railway locomotive 
bringing similar packages, and intimating its approach by blowing its 
whistle. If so be they could get leave of absence and pay a flying visit to 
Bary in 1970 they would probably see similar packages flying along electric 
cables at as great a speed as could be attained without the packages coming 
asunder. He must say their members had attended well on that occasion, 
and the only reason he could give for that was because they were coming to 
Bury. They knew there were a lot of good things in Bury, and they knew 
how to do a thing well in Bury. (Hear, hear.) When they came to look 
through the history of Lancashire they would find that Bury had contributed 
more than any other town to the trade and commerce of Lancashire and to 
the welfare of the county. 

Mr. Ashbury then moved a vote of thanks to Messrs. Webb. He said 
their president had reminded them of the historical associations of Bury. 
They had been that day on the spot where the great Sir Robert Peel was 
born. The first steam engine applied to cotton factories was applied a little 
before the first import of North American and East Indian cotton into this 
county, to a mill at Warrington by Messrs. Peel. They had seen that day 
the last development of cotton factory engine driving and the quadruple 
engine. It seemed strange that the very first steam engine put in was by 
Messrs. Peel, aud »hat day they had gone through Peel Mill. They had been 
delighted with what they had seen, and he might say they had been in the 
county towos of Lancaster and Derby, the seaports of Birkenhead and 
Liverpool, the Midland towns of Sheffield and Gainsborough, and the rail- 
way towns of Crewe and Horwich, and been well received, but he thought 
the visit to Bury would be unique as far as this was concerned — that he 
believed that was the first time they had been honoured with the presence of 
the Mayor of the town they had visited. (Hear, hear, and applause.) He 
was reminded that in this county, a little over 100 years ago, as showing 
the difference between now and then, that at the County Assizes, a German 
was fined £500 for trying to induce some cotton operatives in this county to 
go to Germany. The year after another German was fined £200 for having 
in his possession cotton machinery which he was trying to get out of the 
vcountry and take to Germany. Now we had got more generous, and had 
given a great deal of our talent and brains to other countries, and it behoved 
us now to make use of every possible invention, that our economies might 
be permanent. In the mill there was the grand engine put in by one of the 
members of the Association, and the boilers were also put in by a member, 
and their host, to whom they were indebted for the visit, was also one of 
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their members. So far as their Association was oonoemed the name of Bury 
and Webb would be synonymous terms, and they would have fragrant 
remembrances of their visit whenever they thought of Sir. Webb. He had 
great pleasure in asking them to record a most hearty vote of thanks to their 
esteemed member, Mr. H. Webb, and through him to the directors of the 
Peel Mill, and also to the Mayor for honouring them with his presence that 
evening. He hoped they would have another opportunity of coming to Bury 
and seeing other notable things in connection with this place. 

The motion was carried by acclamation, after which *' For he's a jolly 
good fellow," was sung. 

The Mayor, after expressing thanks for the manner in which he had been 
received, said he was proud to be the first mayor that had met such a 
handsome deputation as the present one. He was proud to be present that 
afternoon because he looked upon the gentlemen assembled as the very pick 
of the engineering profession in this county. He was heartily pleased to 
welcome them to Bury, and he hoped that would not be the only occasion 
on'which they would have to come and view some splendid works in Bury, 
because he happened to be chairman of a mill which is in course of con- 
struction. They had not gone in for quadruple expansion engines because 
they were quite content to have triple expansion engines. He dared say the 
engine and boilers and very likely the machinery had been made by members 
of their Association, and when completed they would have a mill second to 
none in Lancashire. He had not the slightest doubt that the directors of that 
mill would be glad to welcome the association on some occasion. With regard 
to Feel Mill he thought they had a very good example of what energy would 
do, energy under adverse circumstances. (Applause.) He believed the 
Board of Peel Mill had done a great deal to push forward the industries of 
Bury, and he thought the last mill they had built was a fine specimen of 
what energy may do. He only hoped they might go on and continue in 
the future as in the past. He believed they had been doing very well, and 
as he happened to be a shareholder he was not sorry for that. (Hear, hear, 
and laughter.) He hoped in the future they would have more mills in 
Bury on the same lines as the Peel and Vulcan mills were built, and that 
Bury would go on and prosper in the future far more that it had done in the 
past. (Applause.) Bury was about the centre of the universe. (Laughter.) 
He believed there was no^town better situated than Bury both for developing 
and carrying on a variety of industries. (Applause.) 

Mr. H. Webb returned thanks on behalf of himself and his brother, and 
reminded them of the object of that meeting. He also reminded them of a 
meeting of the Association in Manchester, when it was stated that the 
directors of Peel Mill had had the courage to order a quadruple expansion 
engine to work at 2001bs. pressuie, and he promised them at some future 
time they should pay a visit to the mills and see these engines. They had 
done so, and he hoped they would carry away a good impression. He 
proceeded to emphasise the fact that Bury was the centre of the earth, and said 
they were favoured with the Mayor and Town Clerk, the ex-Mayor, the 
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ez-6z-Mayor, and the Borough Snnreyor, all to prove the fact that Bury 
was the hub of the uniyerse, and if they had to make a speech they would 
tell them it was well sewered, and that the streets were well paved, even the 
back streets. He would remind their Oldham friends about that. (Laughter.) 
In the back streets of Bury they could take up a cart easily, but in Oldham 
they could hardly take a wheelbarrow up some of the back streets. They 
in Bury had been very generous. So far back as they could remember, the 
landlord bad told them they could put all their sewage in the river, and 
make a present of all they did not like to Salford and Manchester. They 
had done that to the letter, but somehow or other Salford and llancbester 
had not been grateful, and wanted them to keep the things to themselves. 
They turned to the landlord, but he said he would have nothing to do with 
it, and that they could please themselves. They had some very good build- 
ings in Bury, and the streets had improved very rapidly. Compared with 
other towns, they were rated very low, but the members of the Town 
Oouncil in their public speeches had informed them that they would not 
keep long behind, and did not intend to be second to anybody, (Laughter.) 
In Bury they had a great variety of trades, engineering, machinery making, 
paper making machinery, loom making, calico printing, bleaching, felt hat 
making, not to speak of the cotton trade, so that they were not all depressed 
at once and they did not suffer so much as some other places. Bury 
had always been noted for its letterpress printing and held its own yet. 
It had been noted for its black puddings — (laughter) — and as they knew 
Bury Simnels had a world-wide fame. It was also sun-ounded by some 
very notable places. Within a mile of that hall he could take them to 
Scotland and Nineveh and the land of Qoshen and Britain, and the 
authorities had been so kind as to have built a palace at a lovely spot called 
Jericho where anyone who was weary of this world of worry and bustle could 
retire if they choose. In concluding he expressed the hope that the visitors 
had enjoyed themselves and that they would carry away with them happy 
recollections of their visit to Bury. (Applause.) 



Visit to Livbrpool and Inspeotion of S. 8. Campania On Thursday, 

the 17th of August, the members and lady friends (numbering about 170), 
were through the kindness of Mr. T. Boumphrey, the general manager of the 
Gunard Steamship Company, afforded an opportunity of inspecting the 
" Oampania," the most recent addition to their well-known line of Atlantic 
steamers. The party, which included Mr. Thomas Daniels (the president), 
Alderman W. H. Bailey, Alderman Bosdin T. Leech, and many representa- 
tive engineering employers of Manchester, were on arrival at the Prince's 
Landing Stage, Liverpool, conveyed by special tender to the " Campania," 
over which they were conducted by the principal officers of the ship, 
refreshments being provided for the visitors in the main saloon. The 
members of the society, who were of course chiefly interested in the power- 
ful engines and general motive-power equipment of the vessel, spent most 
of their time below decks, but the numerous lady visitors who accompanied 
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the pftrty were greatly taken up with the magnifioenoe of the ▼arious saloons 
for both first and seoond-olass passengers, the musio saloon ezeiting the 
general admiration of all, as also the state rooms, and the elegant and 
laxorious accommodation provided throughout. Returning to Liverpool, 
the members and friends sat down to tea at the Bear's Paw Restaurant, after 
which short complimentary speeches followed. 

The President remarked that as Manchester and Salford were now on 
the threshold of becoming actual seaports themselves, the members of that 
Association were naturally anxious to inspect the latest developments of 
modem shipbuilding in the shape of the '* Campania," and he was sure 
their visit to that splendidly finished and equipped steamship had been of 
the greatest interest to all. 

Alderman Bailey, in proposing a vote of thanks to the Gunard Steamship 
Company for the manner in which they had entertained the members of that 
society, after briefly alluding to the extraordinary development during a 
comparatively short period which had taken place in shipbuilding, of which 
they had seen the latest illustration in the *' Campania," said that with 
regard to the Manchester Ship Canal, to which their President had referred, 
he had no hesitation in confirming the statement that the canal would be 
completed by February next, and he created some amusement by the remark 
that the Ship Canal Company had spent more money in less time than had 
ever been spent in any civil or mechanical engineering undertaking in the 
world. They had spent fifteen millions sterling in seven years, but they 
could depend upon it that in accordance with the traditions of Lancashire 
people, they would have their money's worth for what had been spent. He 
did not want to prophesy, but he would say that the construction of the Ship 
Canal would redound to the commercial prosperity of Lancashire, and be 
one of the successes of the nineteenth century. 

Mr. Thomas Ashbury, in seconding the proposal, said that the members 
hoped that the next time they had an opportunity of making a similar visit 
to Liverpool they would be enabled to come all the way by steamship from 
their own docks in Manchester and Salford. 

Mr. John Wilson, the oldest member of the Association, and who was 
humorously referred to as *' Number One," on being called upon to add a few 
remarks, made some interesting observations with regard to the wonderful 
progress which had been made in shipbuilding since he was first associated 
with the Cunard Line in 1838. He could remember the time when the 
boilers on the first steamer on which he was engaged were only made to 
carry a pressure of steam of 41bs. to the square inch, and the shafts, instead 
of being made of solid steel, were built up in boiler plates. 

The vote of thanks having been most heartily accorded, the proceedings 
terminated, the members returning to Manchester by special saloon train. 



Visit to Macclesfield. — On Saturday, June 17th, the members and 
lady friends had their annual summer excursion, when a party of abont 
fifty proceeded to Macclesfield and Alderley by the 9-45 a.m. train. The 
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excursion was not so maoh devoted, as on previous occasions, to visiting 
works of special engineering interest, but at Macclesfield the various silk 
manufacturers threw open their mills for the inspection of the members and 
their friends, and several establishments — those of Messrs. J. and G. 
Brocklehurst, and Messrs. Smales and Co. — were inspected, the various 
processes, and the most recent improvements in machinery, being explained 
to the members, whilst a visit was also paid to the " Globe " cotton spinning 
and weaving mills. After a very busy morning spent in this manner, the 
members and friends sat down to lunch at the Pack Horse Hotel, and Mr. 
T. Daniels, the president, tendered, on behalf of the party, their hearty 
thanks to the proprietors and officials of the various mills for the oppor. 
tunities afforded for inspecting their establishments. The party afterwards 
proceeded by carriages to Alderley Edge, where tea was served at the Queen's 
Hotel, after which the picturesque district of the Edge and its surroundings 
were viewed by the visitors. The varied programme was greatly appreciated, 
and the pleasure and enjoyment of the party was enhanced by the beautiful 
weather, all of which tendered to make the excursion a success. 
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